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1h* dlwevttrjr of 4M«elootrio aro Ir/ ditvr^ epoBVid m Yeiat fi«ld for
the ixtwatisfAiMm. «f th» yhma—m of to* aura dlMhar^. 3!«4Ayt >^>o^'^
Hhm 9k maAuxy ait>er its Aiae«r»ry» i^«r« ajr« itlll aaiiiir hi4d«i •eturvis
atmiitnlMj^ the iMMtfuMlMi ^ the ave 4ipenttl«i« Althmii^ tmisy f^Mte
•tneemliig th* ianitfi iM«hanl«a of the eperailon of the aro are wdquimt
the aro le a ounviRiiiMKt ani wldel/ enpleyed tool of woijr laAustrlal and
aoienftifle proeeaeee* ^•qpMBtly laaManied aroe will fens in eleetriaal
•ifwuite aikd eciuipnMBt ani thciy are iiauaily aaoaqpaaied ^ undealrable
•ffeete* It wevld «ms evident that« If all tlM ttetftMUtflu if the are
were lBxeM9«then the desirable effeote ef the are eeuld be utlllaed to
their ji^reateet eattent while the i^deeirable effeote oould »ore readily
be oontrollad. It wa« in an effart to find an eil^lanatian for aome af
ilie tiiaraotorl0tloft ef the are steohanliM that the wofic deeorlbed in thie
paper wae undertaken. Seeauee of the natufe of the eo^etliMnte aanduetedg
^ie atu4y ie priiaarly direeted towarde ixxveetlfatlns the effeete of the
are at the anode*
Sefore preeeedlng with a diaouaaicn of theee inveatlfi^aticna it
ipfaare adviaable to briefly eutXiJie a few ef the presKitiy aoei^^ted
faete eoneeming the are iMMhaniini end ^p^ration*
(a)» Ares isav ba fonwd botwaefn. either eolld or li^tid eenduatore*
(b>» An aro ean not eaiact in a aoBylete vaeuuA« but eeeure osily
when an atmaiphere ef (Mmo kind fills the iqpaee between the
eleotrodea*
(e)« Arae aay be Initiated byt<»
(1>« tfiaeition fr«B a clow diettharsa*

(2)« XnliiAtioik Ijy a i^Afk*
(5)« ^iltlAtlcvi Vgr Mi^^mtlon of o«ffitAAt««
(^)« Hoating «n« or teth «lootrod*« to InMndoooonoo*^
(4)« fh» aro is ohAfootorlMkl fagr hi#t <wrr««b itiuiitio««
(4;* the ourr«nt in tho ftM 1« Murrlod liQf both olootrona onA pooitivo
lOROa
(f;« Mo WMttilnufi Ua&&tSiifi valuo of «r« ourront «|^«am to onivt*
(g)» Iho poioniiAl iirtp AMOoifttod irith tho oft ffmmvmlly lo la ih*
Mi|[||0 frai ao to 100 To^ta and i« mmally iian**lino&r with
Ml|k«ot to the aro ovrront*
(h)« Tho potontial drop ootoolatod with tho ofo io uauoXly ootitl dtiti
M botoi; Mfflnimort of throo ooi^afftto oad dlotinot voltogo drop%
atK&oIyi-
(!)• Iho AZkOdo Qtop*
(2}« Qto rlMB» OimdiiRi*
(^)« Iho Ottthodo Orfl|^«
(!)• ftMioolon of oloetrono frct^ tKo Oothodo la a nadaaaary roq^lr<^
MBit for tho a^po- to oxist.
( j)» Ourront d«aaitioB of tho ordor of ^«000 iiipovoo 9^r aquaro
•ontlaotor «t tho oathodo ii^ot ha;ro boon BMMtoujpod^*
(k)« OurrMt donaltlos of yOD anq^oroo j^r vgmw Oinrtliaotor haTo
b««n iBOaourod in tho aro plaMsm^*
(!)• a^fsmxwA oturront donaitlea of alma;. i^p^COO aosioroa par snuaro
OonUaoior hoTO boon oaloulatod for tho anodo opot^*
nooonftiy m tstonoiTe oorloo i^ iBfoatigptlono* undor tho Ijpoiioei^*
Aif o# ikm iSimm of amnl :ieoo«\ro:\« havo boon undorta&coii at tha

JTohiui H^iiMi Univerttlty^ for tho pusf^ose of «itMs>tiiis to tkM fUrth«r
infoxtmtloti to Uio ftlxnr* pajptial liet of $^«tfl tmown alieut th« olootrlo
Aire* C^n* pli««i of tli*M tnyftstigfttianAy oondguet^d with tM hi^ •urr«Ri
4*»« aro» w«i^ lft»»4 on o«rtftin phttnaMMi firat observoS I^qt K«uiM!itiov«n *
H ML* fepoBiA tlifttt vhm an aro la foiffi^ fa«ttr««ii « gtatloaitry •Athodo t»
Urn fo»a of A r«4 a&d & ssAVins axiod* in tho foim of a flat ss^tallo aur*
fiMi#» ft r««ord of disorlto s^ots of ismlt^i, matal ifoitld, H l«fi an th«
ifltod** ?h««« iq^« hftir# hemt mllmA *»»4» %«t« und b«<iftti«« of th* fii«th^
Igr nikUh thoy aro oHnlnodttJiay off o«tlir«ljr iq^r«A^ in apuoo* tho ftotion
of tiio aro mi tho «kb«1o* Ihlt ' a|^iHMidi])|^ in fl^ao«* oif mbm of tito «ff«ot«
«f tlt« arc onftr^iMjlNt* aidAd $3^ itoM ittidly of oortain aro |>h«iM»o»«^ nhitli
luul pfwrioualy hwm ob»our»d V "^^ int^iao •«amicitmtlon of mmr^ in a
^mry aiall ar«a at tho amidoc
^ 7 A Hi
Hm SMWiRg alaatrod* ta^ai^at for i^aaAa aj^pjro&ohine )P00 faot por c%in«
«A« aiMl in an affort to i»tt«mi! t^t« i|»aa4 »wij!^ eM«iXMiA !y %«jvi^ i^w
•pparatua vat 4aal^M4 «a«l built 1a^ tho av^her for tha jmrpoae of «rUn4«
laf tha ipaa4 nm&t to IC«DC€ f»«t par »ijstfta* Dta ai^paratua waa o«iAai»
vitotatf In aaaai a iMsmar as to paxnit li^foaaing thia ai^aad vans* to two
or ^roo tixsaa tha valua fuotad abor«» laf tha flin|»la ]so<lifl<^tio(a of th«
ijMtfcallation of an anotla lihaal na4a fim& a suital^l* aatorlal*
Aa a briaf faairiKi^fafunffor th@ ilaouaaion of th« lnvaaii|B&tlon oonduo-
•d Iqr tisa author in tha flaU of *Aiioda lipotaS tho following iiartiAl
t^ tlM weik «f til* •ajpliar imravti^pitioBa of tlia aaoda ipot
la praoantad^*''^*^*^^*^^*^. th«oo as^ariiianta hava Urn
aarrlad out far hi^ aurrant 4«e« araa with ralativo notion of tha alaot*

t«4«« y|^ to «R upp«r limit of 4,C<X) fo«t pmp ttfen^itt for raild ttt«ol emodt
%if«ft* Anodon of «luKinu{a» oo^por and «t^i3M ia|»ea havo aim b<Mm ^umkI v^
to ipood* «f 2»000 fo«t ^r nimrto* OnthoOoo of oftrbdn« timr,it«a« «to«t
mtA Wfpf0r hK9% h&m «q|l«j«i« At all mum»% tho vor^ low «»*o^ tha ax«
f9iiM di««r«t« aiKita on tho onodo f&th#r tJi«A a dontjlnuouo tjra«aL« vimm
th« ngffis^s, pUn» n«tal curfaoo 1« nad* aajtutivo wit . r«i«>*«t to a otat-
lonaiy anode red the oathoda oi^at apyaara to tvaaa a aontinuaua tmik <m
Urn ylana aathodo auTfkao* M tho lattar aaaa Vm a«ii ia ssnih laea atabla*
rar tho mild ateal onodoa aiiparant ou^rwit dasMitioa of tho ofdar odP
S4»O0G «;B^araa por aquaro a«atijaa4ar hava bain akaairfad^*
Xa ardar to daiamlita tl» anoda natoriala to bo uaad in thia inraat*
if^tlorkt a aiudv of tlui rooi. Ita of tho aorlior iivroatiiejatiaiis of tha hlj^
aurront a*c* aro, in vStioii Uia sicvin£ oXaotroda toahAl^Miltad baui aetployadt
«fta aonduatad* IHia liii^ itUUaatad th*t tho Tariatiodciy with alootroda
i^[»aad and ato ourrant* «t tha nwnbar af anoda apata fianaad pT Inflti and
tho Individual an»da wi^t araaa for aUfi1«wi» gftaal and alno anodaa all
ii^pa»fad to flail Into tlia aaMa pattam* Kaiwpar« far aaypar anodaa tha
variation of tha Bunbar dT ai»»da lyota fennad par inoh and iim individual
diwda tpvt araaa did not fit this anna pattom* iaamaa af thla dlffor*
«aaa« it wao daoidad to uao aoi^^r aa cna af tha anedo natariala aoploTad .
in thio invoati^ion* FurtMri baeasiaa af iJnm naxkad ainllarity in tha
variation in tha naaaunxbld ara variabloa for altgftlnii^ ataal md alno
muiimm and in vio^f of tha aaaa of handling It waa daoidad that alwilniai
would ba uaoa aa t2M oaaond aaada SAtarial m^Unyd in tl^iaa invaatiipitiana*
i
Vhrn tatpmrimmt^al oppamtua i»aiigm4^ mxMttmaivd and «perat«d ly the
Author for th« puip«M of oHairJLiie ftA4itlawa infonaKiioa About ^« hi|^
ourr«xt d«o« ar« anod* i|)ot yti»aiMim Ia doaorited in ih9 follcmin^ Motlen*
1lh« dAMrlption i« |>o«lia|»« Wat aooocii^Uiliad Igr flr«t d««eriUjD£; th* in-
dividual p{\ytti.«til 9CM#«MeEia af tho «pjp«mtu« and abm ••orolatinf^ thaaa
•MMBMta Ir l^ivinK ik dalai.&ad dxplination «f tit* ai»wlii«it«a iaahaiiitj*
avolvad for tixair ua*«
Daai^n ra^lriatita
Ilka iihyaioal daai^n «f tha aipariaianlal ai^yamttiui waa aonircllad ligr
tha folXoirlng raqitiyiiMntai-
(ii)« 3ia appaTAiua bad ta ba aap^bla of produain^ ralatlva iQ»add« vp
to tan thouaand faot pmr almrta taimm a aal^iada in tha fotn otf a rod
aad an anoda in a fozt& that tfiould aXoaaly* approxlsnata an i2ifi»ita pXa»a»
ahllo aaintains a ptaaat dlnianaa baitwaan t^ia meda «iif)M« and tha ti#
of tho aathoda«
(!»)• Iha aathoda and anoda fteuntini^ ImUI to te of auili a xieitura aa
to poni^cit iMnartliiji. tha veurioua kinda of aathoda and anoda cmtariala aa
iBil^t iia daalrad tgr tba iaffaxiigator* i oroovor« tiiaaa saouBtinsa imd to
ba alaotrloaXly aaparatad ona fron tha othar axoapt throui^ tha ar« path
frtm tha m»i» to tha aathoda*
(o>* fha aXootrlaaX portion of tha appuratua had ta ba di^^bXa of
iiW^Xjrtaf^ diatributin^ aaaaur&ng and vaeordin^ aurranta and foXta^a
Vjp to olx hundrad aaparaa and <Hie iuindrad voXta nNvattival^r*
(d) Xha aontrala of tha iqp»paratua htA ta Im suffiaiantXy air^Xa and
VMAI^ in auah a aaxawr aa to pamit a almtXa liffaittptar to aaalXy
«P«Pata all oontroXa roquirad for a partlauXar

of thtt ippAnitu* h&4 to b« of fUBih « luituro &a to muum tiio lOMi
dlotujrteiiAo to tho aro*
«iiiua. KMazFTXoi m rm anuMm
rigOM 1 witowa « fcaMRia viow of ihm upvtamtaa oMOMbUd in m tMmt^
t0 ftOfill tho «bovi ff«q[alj«Mnt»« flM «pp«i«ta« Masiatt of tlio fbUovlac
•oia Mrtilioo oad oqiaiiMMBtt (•) tbo oaodo MoottUy, (b) tho oothoio
•Ofloobljy («) tiM ovt •iartiaf BoohoBloMf (d) tho ore povor Mp^f
(•) tko ooatzol ponolf (f) tte wodo opoedfore eurront oad ore witofo
omoarlag oquipawit oad (ff) tko hi^ opood oomovo for hlfh opood p)ioto«
jiiliiiio rooordlaf•
Tko flwdo oosooibljr ooftoloto ooooBtially of o lorgo ooot iron iboUL
Htli ito ohoft borloMitol* Tko oaodo «otorlol« aftor boiag Ibiaod into
o oentiatioiio olroulor tapo oboat olx iaolioo la oldtiiy vto aouBtod en tho
povipkoi^ of tho #ioal» Tho lototioa of Uio ohosl oorriod tho aaodo poot
tho oothodo aouatod on a oondogo i^xag Am too povollol guidoo* This
ountliic poraittod tho oothodo oorriogo to bo drmoa in tho dirootioa of "^^^
osii of TOtotloa of tho oaodo ohool*
Tho oothodo «RwtiBi WkB ooaotmotod to that tho oatoaoiea of tho
ooatorliao of tho oothodo vod iatoroooto tho axia of votatioa of tho
ando ohool oad ia porpaadlealar to tho aaodo at thair point of iataiw
aootioa* Tho ooabiaation of tho lotatioa of tho oBOd« tapo and tho
liaoar aetioa of tho eathodo oan bo adjuatod to oatioo tha iatoraaetioa
of tha oathodo sod ooatorlinot ortondod, oad tha aaodo oorfooo to traoo
out a halioial path oa tho aaoda ooffaoo^ thao opraodlnf ia apaoo tho
art ph«waMa raoordod at tho aaodo aarfaoo*

Xa 9rd«r to alaialM Aogr tAff •ff»«tfl of Tlbrfttion, tbm aasdt
MOBtisic w$s Bad* «• iturdy a* praetioabl«* fte mitlwg MMslsts
•f • sttal labia aaaptiaa af fdur oaat Ixwi fapporta baltad ta tte floor
and toppad idth a atoal plata flsar foat Xoiic» thx^aa foot vido and oao
Inah thidi. Tho ooda ataal axla la thraa nid ooa cptrtar Inohaa la
d1—atar» auppfwdaatl/ fb«r and om half foat Xong aad la oairiad bgr t«»
high apaad Tiapkao ralXar baariaga* Tha axla baarlafi ara aooofo!/ boltad
to tha aiaaX tablo top b^ sAOana of thx«o quartor iMh thro bolta* Tho
oaot ixoa asoda ihoal ia praaaad oo thia ahaft aad loakad into ploao tgr
oaaa af a ona half ia^ oquara ki^« Tha anoda i*»al aad axla aaatiljL
with ita BuatlBf baaa^voigha appw—iaataljr throa ^Murtara of a toa«
Tho porlphozy of tho anodo ahoel haa a fteoo aav«i aad oaa half laahaa
ahaal fooo io thirty flvo aad oao half iaohoa* Jblm diaaotor
to 3i4«4M laohoi at tha outor oigoo of tha ahool faoo* Bjr aaklag tho
laaor olrostfiaxvaoo of a aoatlaaoaa anaia tapo 111.537 iaoho loag» tho —
tapo ooold bo iooiifaljr leokod oa tho porlphoiy of tho aaodo ahool kflr
atillilag tho tapor of tha faoa of tho aaada vhoel aad fbroias aotal
ohlaa .thirty 11 iiamn of an laeh thlakytador tho outor odgo of tho
«M4a tapo* Tha aaoda ahaal la driTm bgr thrae *to«>< bolta firaa a thraa
hofoopevery dlroet ourront^ Tarlablo apoad aator. Tb provoat tho laffa
aro oarrvita fraa fXoviag thfwm^ tha aaodo ahaft lallor boarlacat tho
oloetrleal ooanootlon froa tho aaodo tinho are eorroat gaaarator oirooit
airing la aoaplotod ttiroagjH a allp rlag^aountod oa tha aaodo «ho«l drlvlag
ahaft^aad ftair oartioa bfoahoo* Tho total bfuah oaataot aroa la appiaxiaaily
iw/
th« «io4« driTiof wmXmr la vtAmd at tiuF*« h»—yoaar at X250 Rm Mi
at fvai loai diaaa §A0s%mm aai ana half mipmf— froa a 220 W9l% aapva/*
•f maaaa af tte piOlir Ariva tlMi «ada iliaal aan ba drl^an 19 to X200 SPM,
iiirmniiili^ ta a lalati^ apaad af tha aaada aurfaaa paat tha aathada
af ayptawtiwatal^ A^fm thaaaiiii ftal par minota, lb fmtUim ft>r tlia
langT af aaada apaate iaaira4« tlw atatar fUSLA ajajlt^pi 9f tha anoda
drlira aatar aara aonnaatad ta tha 220 ipalt dlvaat aumnt auppljr ibila
tha aiaatara airouit laa anwigad aa aa to parait a^uiaatiag tha awm
tttfa ta aithar tha UO talt 9t tha 220 tolt ditaat aonaat aa«i«aaa«
AMltlaiial apaad aoatial la piovidad hor liMlttiiag a mriahla aaiiaa
raaiatar la tha anatvura alrcuit* Tha 999i9%mr aaadi la a ataadai<A lah-
arataiy laap iMak aai ia aaaaaotad aa that^ ia aiditlaa to piovldiBg tha
apaad acmtval daaifad, it aan ba aait<diad aa aa ta pxxrrida a diaaapatiira
laad fbr dfoaaia teakalBt af tha anada liMal at tha aanalaaiaa af a fan*
OAIMM dSfflMLf ORULS
fha aathada laaahXy aeaaiata af a aanrlaea» aoatalnlng an alaatxada
haldary ahieh la aroiitad aa tao worn half inah louad guldaa thua pandt->
tiJli tha aathada aarrl«g» ta ha wmmA parallal ta tha avjrfaaa af tha
1b a dlxaatlMi |llfiillt«1ir ta tha dli<aatloa af aatlaa af tha
la. fiforaa 2,«id 9* (riiav tha datalla af tha aathada aaaosblj* Tha
aathada aaniafa la drmvi alanf Ita gitldaa hf mmut af a pollagr ain
tamaBlii! ta tha aathada drlipa aotor pallar ahaal* Tha aathada drliw
aatar la aaeorad ta tha laaar aurfaea af tha aathada aaiibly aaantliv
baaa. In ardar to piaiaut tha pltah of tha halix Uaaad aa tha anada*

Igr tk* flB0d« Wf^Uf ttm ^ ii n—
i
lm too maU and thut^ ^ tte OTwUppiag
•f tlM anod* ipot«» •bware th« 4Mir»d rmovd of aatd* spot plMMMM
m^ fterthor, to inoomi that tlio maadtimm anriMir of Idontifiablo tntooo 6ft0^^
bo obtalaod «ith a oliiloCTi jiwrtltwyo of aaodo notorlolf it lo aniio
tfjr to oofToUto tho opood of tbo oothodo oarriae* «itli tho wpmA of tiMl
•oio* To pioTldo tlM iwifo of opoito f«qitliod» tho oathodo drliM aotor
huB a i«itaU.o oorioo roolotor ooonootod 1a ito amaturo olrBttit. In
•udor to provont doiugo to tho oathodo oarrloco and tho instnoMKta
thofooBf a drlfo yaUogMdlro dlaooBiioot oaa io inotallod to
»k tho oathodo oarrlago tnm tho oathodo drlT* ilfo ihoa thio oarriafo
has troYolod tho Aill dlstaaoo iMOt tho Modo* Ao a fterkhor pi«oantion«
a kaifo o«it^9 leoatod in tho oathedOBrlim aotor unaturo olrooitf io
00 that it will bo op nod t|f tho oathodo oanlago ohon tho
oarriago hao travolod boyond tho owio* nio ootlro oathodo aooonblsr io
WillJ on a «»odoB baoo olght foot loogf aiffat isehoo vldo osd t«
ilMlno thlok* Thio ooodoB baoo povforoa tho dual ftootiono of pfOYidiaf
ft Held aoontiac fbr tho oathodo aoo«iblj and lasulatoo thio
twm tho «m4o oMoabl/,
m AM STOTIMQ l«CHJUII8«
ngwroo 2* mid I* ohov tho iOOhMilio mood to otart tho aro botooi
tho aoTinc oaodo oad tho otatloaaxr oathodo. Thio aoooobljr oosoloto of
a oofboa fod aointod in a pliot an liiioh io pooitionod oo that ahon
tho piipot an io ntatod» bgr aoaao of ito nouto oootnl lino, tho
nd oill aolag vp oad ioultanaowXjr twnh tho aaodo ond tho oathodo
—plitiag tho an oironit. Thio ihortiag nd io hold la pooitioa
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long Mough for th« Mttei* to hoot op •offloloBtly for tho ure to aai»-
tola Itoolf «ft«r tho ahortliif wA has bMn pondttod to mdng boiit to
its aontnl position*
uto po«Bi mofu AXD iniiB QomcnoM
Tho peoor Mpply vsod f\»r t^ ton eurroat io o GoBOfol tIoetrlo«
tlupoo tomivod Mporo» pertoblo voiding gmomtor. Thio Mohino «M
dooignod to o ooaotont oorront ooutm oad io ocinippod oitli osntiolo ttr
voiiag tho oiurmt aoppliodf tnm • Ini— of oboMt 40 wporoo to •
—»lmi of otoottt 429 mvovoo*
Tho wiring oomioetioao botooea tho otXdiac gonomtor and tho mmim
and oathodo ooowblioo aia aodo hgr aaaao of oix fauadrod obdoto oaldiai
aahlo* Thia oirouit oaataina fbur hoadrtd Mqjoro foaoa to piotoot
tho aoldiag g«aorator» It alto oontaiaa a hoa-vy dut/ doablo polo kaifo
ovitoh to iatomtpt tho aro eurroat ahoa dooirod.
Tho aro oarraat ia aoaaarod and rsoordod oa an Satorlino^Aagtia iaooi4<»
lag MHOtor* Tho oarraat Anata naod aith tho vtoerdiag Moator m-
oonnootod ia tho anodo portioa of tho aro oironit airing* Tho aro
potoatial dfop ia aaaaorad aad rooordad hj aaaaa of aa BatorliaOi^AiHpiB
rooordiag iroltaotor ooanootod aeroaa tho aaodo and oathodo asaaablioa*
Tha fooordiag aot«ra aajr ha aaen in tho faragroaad of Piguro 1* Tho
aotor aheoa ia Figarao 2« aad 5* ia a Triplott ailliaaaotar* Thia aiUi*
aaaotor mm oaanootod aoroao a eurront ahant in tho aaodo airing aironit
aad ia aaod to iadioato aro ourraat* Ita looation aaa ttiotii oa that
Ii
nIX UDold b« iB t!i« fi«Id of vi«« mt th« high tpM^ mmrm uMd to phot**
fxvph tlM av9« thus pforldiag flia*t»gi«pU.o ooorwlatioa b«t«MB th* la-
•tantaiMMiM «pp«nntBe« of tbo aro and tho are «u3rr«n%«
flM 16 Ml lodak hlfh apo<»d aoUon piotoro mmmr^ with Ita 63 «» f/2«7
laoa* afamn la rifatv 1* la uaad to pliotofraph tho ai<a« Thaaa high apoo4
photographa aagr bo «aad to *apraad la tlao* tho aetlon of tlio aro*
Tho aaoda ihool rotational apood la aoaaurtd hjr aoana of tho 9^(<<ha^
oopo aith ita aonnootoA fttvahaliiSf hoth of ahioh aogr ho aooa la Fiforo !•
Tho OBO aorioua ahortoostag of tho aiitrtaaiiUl ai^parataa la tho
uppor Xloit of aro oanront that oaa bo auppliod b7 tho ainglo oolillag
goBorator* Thlo llBitatloa loa partloularljr aor&oui at tho highor imlooa
of anodo apood .#ioro tho ma^twio valuo of i^out 3$0 aaporoa a<iii,lrttt
aiaa ealjr a faw porocnt groator than tho ainiaiM oorrtnt roqoirod to
aalntala a atahio are. la flaat» althoagh tho appamttta^ aa doalgaod
and oonatmetody aoald povalt aaado apooda of 10^000 foot por aimttOf
It aaa aot pooalbia to Invoatlgato tho are phwaaana at aaodo apoeda
gvoator than 8^000 fitot por alauto boeauao of thla XlaltatloB*
Tho aatural ao^haaioal Tibnttloaal froquonej of tho anoda aaaoiftlgr
laa OKoitod at anode apoeda of 4»000 and 6»000 feet por alaato* Tho
anplitttAo of tho Hbratioaa piOiaMJ at thoao apooda aaa laifo ohmii^
to aeko algaifaeaat ehaagoa la tho olootredo a^poratloa« For thla
raaaoBy ao att«iipt «aa aodo to obtain data la tho aolghboihood of thoao
apooda*
One Aurth«r alaer liaitatioa aoeae oerthjr of aentioa* The
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obj*etiT» sftfBifieatioB otitain«bl,» in th« aiei^»«eep« vm^A to mmumuem th«
•nod« spot dl«Mt«r0 «ui six ponor^ with • fi«Id of vlow of approxlsatoly
1/50 aquaro eoatiiMtoni, Althooi;^ « onwllor fioXd of rlotr wovlA not h«t«
bMB MMoptablo, tho rolatlvol/ tmmlX •bJootlYo aognifl0«tloa of tho
lOToooopo rootrlttodi tho aoooroqjr of »oMttr«<ioBto of tbo oaodo opot
dlMMtoro to iibout jduo or alauo 3/500 ooatiaotoro* This ooosmogr ll»ii»
totioa booHio olgalfleoat onlj vIiob aooouriag ppet dianotom of tbo ocdor
of 1/50 ooatiaoton or looa. FoHvaatol/y aaodo spot dlamtoro of thia
agnitndo oovo onoountarod only ot tho ymttf hifj^oat opoada iinrootifatod
maA tiMB oadj on tha aoi^ar aaodoa*
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Tlila ••otloa of this pap^r la dviFst*'! to a diattxcsioa of tho ttofs
t«k«a is tho fathorljig of tiio •xporlnoatol da-Uu At oppropiato polato
la tho aioottoaioA* d«t«ilo4 doooftptloao of tlio aoeomMury prtporotioM
pfollotnary to tbo ram oro imtludod m mrm oxplanatloao of tho tpooUl
promtlimi that voro oboorrod Airlaf tlu» fathoilng of tho oxporiaontal
data.
ABido topo aatorial of eoppor and alualnaa aoro Ottt frtm OMBoroiall/
para aotala and foxaod into oaatlna— hoopo* tiMOO lioopa aoro alx
totlioi oido oad had an limor eiromforonoo of HI* 517 laohoa* oorroapoad*
lag to tho aflxlaua eutor dloHotor of tho aaodo iiho«I* Za ovdor that
tho tapot alght bo aocomtoly ooBOtruetod« a jif ^r holding tho tap«
aatorlal daring layout aaa hollt* tho Jig oooarolj hold ono and of tho
tapo aatarlal at a aorlbo Hao ohllo tho aatorlal aaa aaxollad toaarda
tho aooaad oerlba* Frlor to outtiag tho tape at the aooond aorlbo^ a
i^Uor aaa paaaod ovor tho tapo to laouro that tho tapo had aot huapod
at MX point botaaaa tho tm aorlbo llnoa* Aftor ataniatoly aailtiag
tlia tapa aotal» tha aoctloa oaa out twvn tho roll tae Inohoa paat tho
aorlbo lino* Tho tao addltioaal inohoa of tho tapo aotal aoro than uaod
aa a lap Joint to ttxm tho tapo into a ooatlnKma hoop* Althoagh it aaa
iapraotloal to dotonlno tho axaet diaawtar of tho olraolar hoopa thoa
aoaatrttotod, fran tho oloao fita obtaiaad, it aaa aatiaatad that tha
aiataw doriatloB of tba dlaaator of aa^ imdi hoap« fkaa tho doalrtd
dlaaotor of 35*500 iaohooy aaa not aoro thaa plaa or alnua flv« oao




tog«tfc«r hr ap^t «»ldiiic» %fWr mm wd of ib« tap* iMd hmn B9munlj
«L«Bp«d «t ttM Midte afilc appivxlJuiWl^ Xmo InehM froa the otter «Bd
•f the t«p«« ImIi jolat «! toaffid ^ wi of sixty spot ««ld«« l» .
—
•IdoBOo of oaar tondonejr for tho Joints to foil doo to tlio oootrilUfU.
or toBfoatiol forooo doirolopod Iqr ^itmiag tho topoo ao»ntod on tbo anodo
8 tiM ooppor topo lap joints noro nado bj noans of low noltlag point —
soldoTy oonsistiaf of fifty poroont tin and fifty porosnt load* Tho
Inppod portions of tbo joint wsra first oloanod with dilnto hydioohlorio
aoid and than tianod to insuro a naifoy joint* Aftor pioporly looating
tho rolntiwo positions of tho sods of tho ooppor tapos» thsy wort
pUurU
od into position and plaeo in a prsss* Tho joint ms than hoatod abowo
tho nolting point of tho aol^ior hy naaws of honson humors* Whilo tho
soldor was in tho liqnid stata* the lap joint was sabjoetod to a ssap»
rossiww prsssnro of about iowt toaa par sqwara foot* This ssaprsssivo
prassnro sqnoaaad out tha oseoss soXdor and insurod a wnifsar flat joint*
•woty offbrt was nado to prawint tho faoo of tho ooppor anodo that
to ho sKposod to tho ars fron boing ooatod with aoldor* Howovwry it was
Hsmdt that in oidor to insuro a tight joint at tho odgas of tho lap*
it was nossssaiy to aarfcond tho soldor tinaing seat approwlnatoly ono
oifht to ono quartar ineh past tha odgo of tho lap joint* As in tho
•asa of tho alanimw tapoSf no failaroa of tho lap jointa wars aotod*
Zn ordor to aouat tho anoda tapoa an tha anodo idioaly a jig was
•onstruatod that wsuld hold tho flioclblo aaodo tapos in a airoolar
•iMipo ahilo thoso tapos wtro biing jookiod into position on tho awois
trtMMl* Thia jig nay bo soon in tho baskfMVid of Figaro 1*
Aftsr tho tapos saro sontarod on tho fhno of tho snodo shoal thoy
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wr9 looked into pluo* by fbroiag •IimIsiub alilgis^ thlrtj ihnamaA» of
in ineh thlolcy uaior tho outer od^oo of iMm topoo* Tbo saodo vhool wui
ihoB TOtatod olovS/y bj h»aAf and tho distoaoo botoo^ tbo oaodo topo tmA
tho oatbodt •orrlofo tnm oho^od to Inauro that the oaodo tapo ourfaeo
lUMl 80 oeoontrieitj. An/ oooontrioity aotod «ao oorroetod bgr tbo Inoort-
ioa mi ihia bvaoo of tbo roquijrod thl<ftnoo8 imdor a^ropriato portiomi
of tho OBodo tapo« tho prapoimtlon of tho aaodo ourfaeo took four forao«
nwiolyt-
(o) % A liidtod wnribor of mao ooro aado on both aluolnua lad
ooppor aaodo ourfiaooa with no opooial proporati«& oxeopt
to olpo off ^o ourfaoo duot.
(b)« k liaitod ombor of nmo waro sado on both aluoiiraai and ooppor
anodoo aftor tho ourfaooo had b»>a rowghoBod olichtly bj
fotatlag tbo aaodo aurfaoo agaiaot a otool idLro bmah*
( o) • A fo« roao ooro aado aftor tho ooppor oxida bad boon ro«
oTod tvom tho ooppor aaodo ourfaooo bgr aooao of a diXuto
hjdioohXoffio aoid bath«
(d)* Tho najorltj of tho nino oara nado aftor tho aaodo ourfbeoo
had boon oembbod olth earbon totraohlerlAo* Part of tho
runa outliaod la (b) aboro a»ro nado aftor ^o ronghoaod
ourfaoo had boan oloaaod «ith oarboa totraohlorido and tho
waotwlwr without thla oloanlnic*
At thlo point It oheuld bo aotod that all tho qnantitatliro data pro-
ooatod la thlo papor» aocoapt ahoro opoelfioally lndloatod« la baood
apon oaodo oarfhooo proparod ao la (d) abo^ro*
la ord«r to oonoorro tho orltloal aaoda natarlal^ uhUo obtalalag

uth« larg* (|iumtit7 «f (Ut« rsquir«d« th« -ais %uth wldtl^ ^f tte aM^t
iapM «»r« iividad into thr»« yarts )7 aeana of ono qoartor la^ Mudi-
iag tapo* Xb Boat oaaaa thia aaaklnf tapa aatad aa aa Inaalatlag atrip
•ad aauaad tba aro to artiBcuiab aa tba are patli aaa drlTan aoroaa
tha dividing atripa* In a fM eaaaa^ partioularly for tha hichar
aluaa of are aiurrant and tha lavar iraluaa of aaada spaad^ it «aa
fluid that tha are oould not bo aade to axtiaguiirt) at ^hla dlvldiaf
tftpa luiloaa tha width of tha tapa mm ineraaaad to about three quartara
•f an iseh.
Tha eathode Mitarial that eaa aaployed fbr tha iaveatifati«Ba»
aoTorad ia thia papmr^ wt» oari)on in all aaaea* Thia carbon eaa flam*
ad iate roda one quarter of eat iaah la diaaeter aid i^pnmiaatelj
•ifht iaahea loag« Tha tipa of the earbon roda were eut off perpea-
diaalar to the axiaea of the roda. Thm aaitiaii rod aaa iaaerted into
the braae reeoptieal oa the eathode oarriage» iri^iere it vaa helUa
plaae bp four thuab acrewa. Thia aathed of aamiriag ^e earbon roda
preveated aa7 aotioa of the rod ia ita reeeptieal aad provided a
praaaara eoataet far the are eorrent to paaa froa the eathode reeept-
ieal to the eaxboa eathode* Prior to tii^taaing the Vavato eereva oa
the eathode reeeptieal^ tha tip of the earboa red eaa plaeed one eifhth .
•f aa ineh f^ran the aaode aurfaoe* Thia adjuataant eaa invariably
aade taj aeaae of a ealibrated eedge ^at had bO'^n boilt for the purpoee*
At the aaaalialoa of the raa thia diataaae wtm agaia aaaaai^. If^
dae to the vaporiaatioa of the earboa or any other eauaef the diatanae
betaaea the anade aurfaee and the eathade tip had iaereaeed by aore
thaa five pereent duriag the eooree of a partieolar raa» the data obtain-
ed therefrea eaa diaearded and the rua repeated* Due to the relatively
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hl(b rtt* of eoMblaation of tho o&rboa nith th« ox/g«n of tho •axrovad*
laf «tiw«|itioro» pajrtiouLarly «t th« highor «r« Cttrroatoy tho 4i««tt«r
•f tho MitlMtdo fod dooroaaod mppfetahl^ In * yrj short tiao* Zn th«
iatrost of roprodttooftbility- of rwroltt^ tho ootbodo dtamotor vao
«ooo«rod prior to «ad at tho eonolttolon of oooh rua« Ify dnriag • run,
it had docmaood hy no «Mh no fivo poreont tho data nno diooardod oaA
tho run ropoatod with a i^rtor total bfomiat^ tino for tho aro» thno
brinfiag tho oathodo diaaotor ohonfo to vitfcin tho aaxinun aoooptahlo
imlao*
Aftor i»«parinf tho naode tapo mirfaoo and proporly pooitionlng
tho oarben oathodo ro6, tho oathodo oarriaco ono owuaootod to tho
oarriofo driTo puUitf oiro and tho high ^po^ notion piotoro oaawpo
oao flienoody if it loro to bo ouploTod for that partioular run* tho
ood* liMol driTo notor nno thon tnmod on and tho aaodo lAmoI olovl/
brought up to opood bgr noano of tho rariablo sorioo rooiotor oonuootod
in ito aiaatoro eirenit. Tho onodo ohool opood mo oontinaouol/
dotominod hj noano of Uio otrobaocopo. Thio otrobaooopo hod boos
oalibratod oith tho aid of a fgraohronouo ootor* Booanoo tho otrob»-
ooopo*i Inl—i flaohing rato wm» approxinatoly oight hnadrod por
imito and booauoo tho aocorao/ of ito intomal aoalo inoroaood fron
ainotx oight poroont^at the lonor ropotltion ratoo, to bottor thoa
aiaoty nino and oao half poreont at tho highor Taluoo of ooalo oo^^
iagf tho onodo ohool opeod aoo aonoavod bgr oanoing the otmbaooopo to
flash at oix tlaoo tho ongilar opood of tho aaodo idiool. Thio aothod
•f dotetmlninf tho OMdo ohool opood pornittod noing tho otroboooopo
to aoaonro ohoel apoodo frm approoiaatolj oao hundred titty rovolat-
ioBO por aiantOt with orroro of looo than too poreont*
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Wktn th« anode irt)««l Ited b««B cteadlad «t lb* d««ir»d speedy th#
veldini; g«n«raterf vuMd «• the ar* mirrant soiuroe, iiui iumad «• aai
allowad to run for a (riwrt tl~i« to paralt it to roaoh Ita aaxiwai
xotatlonal ap^f d« Tba raoardtef iroIt»aiar aid aHMtar^ aftar baiag
aat for thair aaxliiuN aiw^ of papar traral ( taalva inahaa par alnuta)
»
vara than taraad oa* Tha kalfa awitoh aoiinaotlnc tha tba aaldlag
fawaratar to tha aaoda and oathode airing eircults aaa tiias alaaad*
Tha aoatrol lina to tha aro at«rtiaf saahaaiaa vaa than aanlpuiatad
ao aa to aalag tha aartaa ahertiag rod op into paaltlon to abort tha
air gap bataaffn tha laorlag aaoda tmpa and tha aathod« alaotroda* Aftar
aaantarlly aborting tba aaoda to tha aaibeday tha aro atartiag aaatral
lina aaa ralaaaad and tha alndaga froa tha aaoda #iaal aauaad tba
•liortiag aarbon to avlng alaar of th« ara*
If high apa^d pbatographa wr0 to ba takaa^ tba eanara aaitob laa
than eloaad. Tba aro aaa alloaad to barb for i^ypraxlaataly thraa
aaooada ahlle holding tha aatboda oar^iaga atati^saary* Thia abort
dalaj pamittad tha high apa d oanara to begin to appiaach ita
apaad aad farther^ pazaittad tha welding giuiarater to attaapt
to aattla doan tmdiar tha anddaaly appllad load. Aftar tbia abort tiaa
dalaj tba aatboda drive aotor aaa turned on aauaing tha are to traae
•at a haliaal path on the anode. Oaring thm initial preperatioa for
tba roa^ the Tariabla aariaa reaiator in the aiaature eirooit of the
•atbada drive ootar* ana aat to give thia halaaal path a pitah ef abaat
aaa half iaab* Whan tba oathode traaed Ita path over the aaoda iaaulat*
lag atripa or «han the oathoda traveled bayoad tha faoe of tba aaa4a
abaelf the are aeuld autoaatioally itaalf. Aa tba aatfaada aarriaga
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MoiTftd further dom its guld««f It «o«'d first trip tli« knif« vnitth
in th» oathod« <lriv« aotor oirotilt and th«a ^Hpif th« eui that iR>iild
diM»]ia«et th« attrrlage drive puHigr wire froa th« darriage* Tlt« «pp->
roociaata ti«« that the aro would bum dariag aoj «m run Tarlad fro«
ISMt^ to aight aaaoada depandiaff apoa tha aaaimt of tlaa tluit Ilia aatlv*
oda aaa alloaad to raaaia atatlonaiy and tha apaed af tha aathoda
aarriaga* lanadiataljr aftar ih% aro axtlaetiighadit tha anode abael
apaad vaa agaia aaaatirad to inimra that it had not Yariad during tha
ran* Tha ara ourrant gaaafator aaa than ah«t daast ^« raaording
aatara atoppad and tha diaaipativa load raaiator^ in tha araatura
eirouit of tha anoda notor^ ma aoanaetad ta aat aa a dyaaaie braka
ta atap tha aaoda ahael. ahair tha aaoda aha 1 atoppad^ tha aaada taya
ahadtad tor anjr poaaihla looa&aaa that night hava davalopad duflag
tha run, tha oonditioa of tha lap ^oiat ana inapaatad aid tha aathada
dlanatar and tha diatanaa bataaan tha anada anrfaea and aathoda tip
Iftar auttiag tlia a>r>da tapa ttvm tha anoda atMial» it aaa noabarad
fSar paaitiva f^tura idantifioation bgr aaano of aatal minbaring punahaa*
Tha aorfaea of tha anoda tapa aaa than dividad into tan inah laagtha.
Tha alavaa laabaa of anoda tapa ataaddliag tlM lap jolt aaa axalaiad
froa thia dlTialon, Tha total nanbar of aaada tpata faraad in aaah foa
of o«ah tan inch aaatlonkaa aanntad and diTidad bj tan to obtain tha
nunbar of apata foraad jfr ineh* Tha aM^ar of apota par inah, aal*
anlatad fbr aaah tan ini^ rav, »na than aaaparad aith tha avaraga
Yalua abtaiaad tfvm a aaaaidaration af all tha tan inah roaa* Tha
aluaa flwi thoaa tan inah rows that diffarod fiaa thia avaraga
iI
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by U0T9 than fl^rs iMir««nt ymrm dJUiMirftod aadi a new •»»§• •aleolatad*
Tldt •i'^laotiTi* avaraglae wis n«0MiMJ7 b»«AUS« of tm Mmdltioa* iBount-
•r«d daring th« oootm of oooh nm» Flrot, whoa otrikinf tJbo are and
for about throe aoooada afior Igiiltioii^ tho ooitiodo aiiiably «fta hold
stationary* Tho borliilat of tho aro daring this porlod rapidly
ooatod a norrov haill •f tho ••#• nurfkoo oith a hoairy dopoait of
oar^n. Aftor pitting tho oathodo aosonbly la aotlon tho aariMr of aaodo
•yoto fonod por in^ aas about ton porooat highor than tho avorago
Yaltto fbr tho rua« This rariation in tho nwlhor of spots forvod por
iMh dooriaood until tha stoody otato valuo aas rsaohod aftor tho
oathodo had aovod approxiaatoly ono half inoh past that portion of tho
Modo ahieh hod booomo ooatod oith tho hoaipy dopoalts of earboa«
Soeoad, As tho oathodo tip orossod oror tho Insulating t«90^iisod to
dlTldo tho anodo into sootlona, instoad of tho aro oxtinguishing
iaaodiatoly^ tho are lould oontinuo to burn nntil tho trailing odgo
•f tho oathodo had novod shout ena oighth of an inoh paottho eovorad
pmeiLm of tho anodo* During this brlof porlod, tho nunbor of ^poto
foniod por inoh WMld rapidly deeroaso to a ^aluo botvoon toolvo and
too poroant of tho stoadf state valna without aay oppfoeiablo oliangs
in tho rooordod iraluo of tho are ourront* niia last pfcOMaona oas
also oboorrad to oeour ohon tho ealdioda tip novod bofva^fcho faoa of
tho anodo surfaoo*
Aftor tho oTorago iralua of 'spots por inoh* had bom dotomiaod»
tho major and ninor azioos of tho ladiTidnal spots oaro noasui'od in
tho too ton laoh loos of spots ahoso ^nXvM of * spots por inoh' aost
oloooly apppsoohod tho avarago value of tho oaloulatod * spots por inoh'
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for thm tBtir* t«p«« Th« spot mmior ud ainor dlM«i«ni vtr* Mamnd
by •ant of « oalibrotod ooftlo Inotollod ixt tho oyopiooo of a «iero«>
Mopo* Tlio airtrogo aroo of tbo spoto farvod during aae^' run «m th«a
d«t«niiiiod tor aMOMiaf that tiM ffoto vara alUi^cal it tfuipa. Ficiirto
A* thioofli lO. ihov tba iaroaa^o oallbratad seala tuparlapoMd on
aalavfoci fiwl«iMplM of tiM aluBlBOi aad ooppar anoda tpett* BMh
ajor moBbii^^Lon of tho teala rtpraaaata a aoaauraBaBt of ona tlxth
of « Kllliaotary #iilo oaah iiliior aabdlviaioa ropraa«*ta a aaamurfont
of 1/120 aiUlMtor. To faaUiUta tho mmmKftmmt of tha tpot diamtoro»
tha hoa^ daipoalta of aoppar oxide aurroundiaf tho apeia fbraod on tho
opptr tapaa vara firat raaoirad hf ooana of a diluta hjrdroahloria
Mid bath* Baoanaa of tha diffiouit/ of roooTJUif tho aXwiiwai oaddo
fraa aromd tho alooiAtai apotoy thaaa apota oaro plaood undar tho
Bioroaoopo Ibr oxaninatioa and apot dianotor ooaauraaant j«at at thoy
•MM twtm tho taat apparatua.
M&th valua of * apota por lai^% ahoan on tho grapha la thia pap^rp
raproaant tho avoraga obtaj^iad ^ oottating four to flro thouaand i^oto
por run. lath valuo of *aiiodo apot araa*^ ohov on thoaa (mpha^ aaa
obtainad bj noaauring tho aajor Kod aiaor dianatara of apfproxiaatolj
too fatmdrvd opota for oaoh nm* Tho atabor of runa mood to dotoaalno
tho onrfoa plottod on tiia grapha la tabulatad in Tablo !• Again it ia
wpliaBltod that tho oorvoo voro eonatruotod fra« data obtainad naing
anodo aorfaooa ahooa onl/ proparatioa oaa a through aloaning with a
oarbon totraohlorldo aorubblng* Whora praaantod* aurrea obtainad




TlM dUou—ion iB thi« Motion viXl •oirm* Um gWMrsI fiaAiaga •f
th« «]ip«riatBtal liiT«stig«tioa«* Zb p*rtiouI«r, tlM feUoviBC mbjects
«iXI b« oovortd ia th« ordmr IndiMitcdi*
(«)• Am pttMMt«ra eoBti«lI«l» with spoeifio attaatjoa to tho
dotoilfl aad aothodo taployod in oontroUing thooo paraaotofv*
(b)« Tho dotominatlon of tho tr«riatien» idth on oarront oad
aiootrodo ipood^ of tho ore potoatiol drop*
(o)» Tho oxiotonoo of o ainioua or '^irtrtiold* ourront ohooo nwltto
io dopttttAoBt upon tho onodo B«tori«l» tho oaodo iq>ood oad tho
oBoio iorfooo ooaditi<m,
{€)• Tho fonorol pppoaranoo of tho 0B0d« opot traooi oith apooifio
attoatioa to tho too aojor tgrpoo of ^ariot1ioai)ttiot oooar to
dionipt tho tho oppooronoo of tho noraally vaifora^ rtgulor
opot trooo.
(o)« A dioouosiMi of tho groi^o ohtoiaod fay plotting tho ooaobor
of onodo opoto forood por iaoh of onodo oorfooo oad tho grapho
obtoiaod hf igUotting tho nunbor of onodo apoto foraod por
oooond*
(f)« A dooerlptioa of tho oppoaranoo of 4iji oaodo opota o vioaod
through o aloroooopo with tho difforonooo botaoon tho lypoar*
onooo of tho olaalnna oaodo opoto oad tho ooppar oaado opoto*
(g)* A doooriptioa of tho aothod aaod to dotofaino tho onodo spot




(h)« A dlMaMlon of thm wigaitltanom of the (r«ph« ahoving ill*
mfiptamnt oorront doasltios*
( i) • A 4i«caMt<»tt of tho iMltod aiKydo «!•• •totaiatd p«r unit iiao.
(j)» A dlMiiMtion of th« •ppATOBt murfaM milting •ffleloacy of
tho ore.
TI4.0 oottioii viXl bo 0(»ieXiidod vith m wwiry of tho aoro digaif-
loosi potato horoin oo-vorod la dotall*
At proTlottoljr BOtttioaody tho high oaiTont» hi|^ aposd oloetiodo^
dlroot ourront om io portloaXarlj lall oaltod to tho otoA^ of yJnai—
•a oaearlBf at tho oaodo of tho oro* This papor» tborofbi^i la roatriet-
o4 to a diaaaaaioa af eortoia phaaaaona oocuriaf at tha aaada.
ABC fMMkmeam
Daring tho ooarao of tho iatrostigotioa horoin roportod^ tho fbUow-
lag aro pataaatora voro ooatroHodt-
(a)» QkTSam MAIttXAL Cai^on oathodoa aoro uaod axaXaalvaXjr
throughout tho aarlos of oxporlaonto* Thojr aaro aado la tho
fbm an 1/4 iaab dloaotor roda^ oight inohoa loag* Tho eath-»
oda iDda aaro are oarfaona BoaufMtarad hy tha Natioaal Oaf%aa
Oaapoay of Clotalaad aad 3am Fnateiooo*
(b)* AIQ0B MtfBBlAL Ooaairoially puro^ oold rollad« ooppar
and aluaiaaa atripa, aix laahoo tfido oad 0*090 inohoa thi^
aoro uaod. Tho aorfaoo of tho aaodo aotala aaa uaaalljr alaaaod
hjr aarabbiag aith aarboa toftiaahlarida* olthaagh a fow ooro
aot aa alaaaad* A lialtad aoahar of ruaa aara aado aith
tha aurfaaa oxido of tho ooppar anodo raataad h|f aaiag a
diluta hjdroahlorie aaid aaoh, A foa rmm aara aado aith tha
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aaod* flurfftM rwglMNMd alighily hf rvWilnc th« «aod« caiiwt
ft fttftel «ir» bnifth. Hslf of thftM Xftttftr tapoa «tr« ftubfMqMntljr
eXftftiiftd with earboQ tfttrmdiloridft and th« rmmiadmr «»ro not*
Tb« ditft prtftMitftd la this p«p*r it bftc«d upon toipftrlaftntft
mmtsmimd uftlnc olftanftd unvavcliMMd laodft fturfaft**. Wliftro %Im
««• of woXoanod or roni^hoBod anodo ourfaoos produood slgn^
ifiOftatlj dlffoxwt phtBfona tlwt fkot to aatod la tho dlo-
ouooioa.
«
(o)« AIQiB arCRD Sp^odo froB 1,000 to 10,000 foot por alnaio ooro
oi^loyod with tho oaphaolo ploood on tho opoed roago froa
3,000 to 8,000 foot por alnato.
(d)« OklWM VUM Spooda ttoa fivo to tittj foot por alauto
ooro uaod* It ahould bo notod that tho rolatlTo opoed botooMi
tho anodo aad tho oathodo la tho irarlablo plettod in Flfuroo
11* thMogh 37* Rooovor, booaooo tho oathodo opo«d aovor
OKooodod thfoo porooat of tho aaodo apood, it la folt that
ao approolablo dlfforonooa la tha othor i^oaoarod varlabloo
omU koTo boon dotootablo had tho oatlra rolatlvo aptid baoa
piodttood oolo/ bj aotloa of tho aaodo*
(o)» AMODD • CAIMM flmiTXOI For all ruaa ooaiaotod dariag
thio lavootlgatioa tho olootxpdo aoporatloa aaa oot at l/B
iaoh aad aaiatainod olthda flvo porowit of th4a valuo* It
oaa dOflMod advlaablo to aalatala thlo teloraaoo booaaao of
tho irarlatloa, with olootrodo ooporatioa, of tho anabor of
•Mda opoto foHMd por Iaoh, notod by Skolnik '^ in hla roport
of iavootlfatloao ooadaotod at looor anodo

(f)* ARC GmtHSHT Th« oontrtl •f th« «ro nupfnt laa 0BI7 roufidj
pr«dlet«bl« ilMn tli« mxrrmnt Matvolt of th« 0«a«nLl lil^otrley
300 aapcrs naldiiif gmMntor, used •• th« are oiur«nt poiwr
Mpidyy «»r» fBi^oyad* NoisaXlyt tbm aro ourraot was fkwi
t«»aty ttf to on* haadriad asporaa !••• than tha Talm «•! «a
tha oontzoXa* Thla YailatloB appaarad to ba it>pa«iwt
tha BafBltnda of Htm ara oarraat^ itm anoda apaad and tha
oaadltloB of ^a aurfaaa of tha aaoda* In Tioa of tho aiEti
oly thovt tloo that tho aro eould ba alloaod to rMaln bttm*
ingt it aaa dat«od lopraotioal to attaapt to adjvuit tha ara
ourrant to an axaot valua* Roaovor^ at all tiiaao tha Eatarliao-
taftto roaordiag aaMtor aaa ufod to aako a poraaaant raaord
of tho arc eorroBt*
(§)• mOflmO RtfKIDITr Sooauia of tha Tariatiouy with
^iboria himldltyf of tha fro noltaco* for oonatont Yalaaa of
ara aurrant^ raportod by SkoXiak^^, oicparlaantal daU aaa
gathartd oalj aban tho aalotura aontaat of tho aarrawidiag
ataoaphara appraa^od 7*56 gralaa por oubio faot of air, Thia
aiotora aoatant oorraapooda approxioAtoly to a ralatlira
huoiditj of oighty poroont at a tanpartura of 75® f«
FraqMBtlj tha raquirad aoiatura aontant of tha air im tha
foaftiOMitaiBinff tho oxporinaotal ^pparatua ooald bo vaiaad
to tha daaifod iralua by tha u»9 af haatad araporatinf tra/a*
io foaaa aara a^ailabla fbr daoraaaiag tho aaiatura aontant of
tho air axaopt to aait fbr a ihangi of WMthor,

(ft) . ^ffthod of MunartMttt
fftlMHi of tho high •pood of %h» aao4o» it wtkB iapraotioablo
to fttt«apt to UmA 1^ oat^lodo tip and tho txirtioa of tho aaodo fwrfaoo
dirtetlj vader this tip with pioboa iriiilo tho mxe wto buniag* B<
tho prootnoo of pxnboa in tho are eolwn itoolf nould diotvi^ tho aonud —
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•poTfttlon and boeoiioo of tho uneortainty of tho CKoot loootion of
tho aaodo ond of tho aw**''''®*^'^', th* fioatinic probe aothodjof
of >oa«ariac ^o ore potontial dx9p obb also diaooidoA ao lot foaoohlo*
A« « praetioAhlo «othod of obtaial^ rough voXttoo of tho are potontial
dropp for tho 'tariowi anodo opo^ds aad §re oarroatot tho rooordiag
tioltaotor «ao eeimoetod oeroos tho oothodo rootptiool old tho anodo
brush rimiac* Tho ofaaie rooiotaneo of tho anodo ohoel and axlo botwoon
tho oootion of tho aaodo mdor tho oathodo tip and tko anodo aaaoably
•lip riag* mB oowirod* Tho potontial drop ^ tho oathodo^ fraa its
roooptioal to its tip^oao aloo aoaMurod for various valuoo of oorront.
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Tho bmoh omtaet potential drop oao aoouaod to bo 1*3 toito \
(b)« Mot of tho are potential drop
After oorrootiBg tho aoaourod Taluo of tho potential drop
botoooa tho oathodo roooptioal aad tho aaodo brush riMiag^ £»t the
oaloulatod valuoo of tho *IR* drop ia tho aaodo ohool assenbly aad tlM
oathodo dootrodo end after aaking tlio ostinatod oorrootlen for brueh
dropy tho Yariatioa* oith are oarrent^ of tho potontial drop of tho
are ass plotted ia Figaro 11» fbr irarious foluos of eaode opood. Ia
this oAaittodl/ rough ootimato» there io ao diooeraablo difforonoo tm-
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in tlM mT9 poWotlal drop asftcurtd for th« t«» aaod* Mvtalt (ooppsr
CBd alminuR) «0«d la thMw •xpsrlnMota* This x««ilt difr«m fx««
that ihowB hf 9pmm^ f«r aUUoMury Imm d^inMlM wf tte mm MtoXs*
iBAle«t«« a diff«r«MMi in art potcstial drop of ftpvoTdlMmtmly
thr— poA' Owi% for tho aros botw—n itfttioBarsr alwiisiai •lootrodMi
maA •iatiMMiy ooppor oloetrodos* Boommo of tho uBOortlnatj la tte
«ot«al viXtto of ih% aaodo ooMwbljr temll potontial drop and tlio mafoid*
oblo l£io«eimitio« iatroduood la tho CMde&Iatlon of tho h—tod oothodo
potontloX dropt tho autlK>r ootloatea that iihm ars potonilal dropo aotod
oa Flguro II* aoy bo la orror by ao autdi as flvo pomoat. Thoroforo If
a vailatloa of tlM oaao ofdor ao fimi b/ ipona fbr tko oaoo of Xkm
•tationaiy olootrodoo alao oaloto la tho hlfh oloetrodo spood aro* this
irmrlatloB could oaally bo aaokod bj laasooraoloo of tho potoatlal
imp dotaxKlaatloa.
(e) Sffoots of ourfaoo ooadltlea of tho aaodo
It la to bo notod that tho data ohotn la Figaro 11« sao obtain^
od «lth oloaa ifw^anad aaodo oarfaooe. Hooovor» a slight maghilit
of tho aaodo surfaoo bf aoaas of a stool olro bnish had ao aetlooablo
offoot OB tho ars pstoatlal drop, liiox^oSt tho prosoaso of sorfaoo dirt,
hoarf ooatlag of tho aaodo aotal oxldo, or sarboa dornsltSy oa tho
aaodo sarfaoo appoarod to eaaao a dooroaso In tho aro potontlal drop
of tho ordir of oao to too poreont* Boeauso of tho dlfflsultlos
sasswitorod la tiylag to croato unlforaly dirty or unlfoxnlj ooatod




fvriavLB invMrtifftton of ^n hi|^ ettrrvni hl|^ ftlftotzodft gpt*
ftra haA (llM9V«i«d that fbr ««,oh v«l«« of aoiodo « eftthode •porfttion«
Biift ^•ftd aBd ftlftdtfed* aftttrlftli th«r» a}>|i«ftrftd to b« a alnigrai or
'tlur«#iold* t«lu« of aiv eurrtnt dopendont oa tho varlablos BOBtieaod
•iboiFO. yiir oaiwai vsitM* Wlow this HhrosboXd* tbo &f9 oithor ootild
aot bo IfBltod or »a8 not ttablo*
(1>). *lothod8 for dotenlAing tbo *tfero«liold eimont*
At tho sQCiMtlon of ^oaoo • tho oathor ottonptod to oatabUoh
oanot valitoo of thio *thro«hold* oturront Ibr tho rongo of opoodo horoia
iBoloTod Olid fbr oa oloetiode ooporfttien of ono eigbth of on ijath» It
oao dotomlnod that tho *throob9ld* voXuo of tho «ro oiunroat^ for oajr
valao of aaedo tpoodf ootild ho loootod bf tharoo oothodo*
(X)« Thio *tbrothoid* vrnXuo eoold bo foiiad bf dotoivlniag tho
intw oarroat roqfulrod to Igiiito a otablo «ro bjr shortlag tho
OMdt to tho oathodo and thou roaoirlag tho ohortiag lAotfWMSt
tvem tho TieinltjT of tho aro ihllo tho aaode vao tiavoliag at
a ooMtaat opood.
{i^m TlM *throofaeXd* valoo oould ftlao bo dotoziainod hy holding tho
OBodo spood oonotaat o&d doeroaolag tho are eurront gxadoally and
aotlBf tho mXao of aoe oarr«Bt ihoa tho aro ooctingaiohod.
(3)« Tho third aothod voa to hold tho are eurroat oonatoat and
Inoroaoo tho oaodo opood laatll tho aro oxtiacalshod*
AU throo aothods ooro iMod to looato tbo •thfMhold* oanoBt
valno for oiunroDto up to too huziirdo aaporoo* lothodo (2) and (3) gavo

idwatloal rwanlts* iliiX« Mthsd (X) uiMUy gsTa »!«•• of Uarm to
fiv» «ip«rMi Xmis* For •tuntwita aboYs t«o taundrsd a»p«r««» b«owit«
of tbo rolailTolj oXow aoeoloratioa of tho Ywwj aaodo vhool vxA booauM
of tho iaeroaooy with tlnot la tho dioUaoo botwMB tho oothoAo tip aid
tho oaodo ourfaooy duo to tho thonml roaetlono ot tho eothodo* It
«M i^poosiblo to roooh tho oaodo opooi oootioiy for onctlagttiohlBg
tho oro bofbro tho olootzodo ooporotion had lAOjroaood to aa aaaoooptoblo
valiio* Tborofbroy for aro oorronta abofo too btakdrod aaporoa^ tho
Mthodo (1) and (2) ooro uood to doUnlao tho mduo of 'thMahold*
oorroat* la tho eaoo of dlaagrocaont botvooa tho valuoa obtalnod bgr
ualag thooo too aothodSf tho toXuo nbtaixaod bj \ki% prooooduro of
rodooiag tho are omroat aaa aeeoptod ao tho aoro aooorato*
(#)• flat of ithroohold* ourroat fbr alualmiB aaodo
Fii:uro 12* la a iplot of tho Tarlatloa* aith aaodo apood* of
tho aialatai or *thro(riMld* oorroat fbr aliadaua aad ooppor anodoa*
It la to bo aotod that tho •throahold* vaXao fbr tho ilwlaaa aaodo
la fTMtly offootod bjr ^o aurfaoo ooadltloa* Tho loaor ourro laa
obtaiaod bgr aalac tho alualaaa tapo Jaat aa oappllad bjr tho rolllag
alllf OKoopt that it aaa alpod alth a oloaa di7 oloth boforo oaoh i«a«
Thla aiplBf of ooarao did aot naoiro tho ovor prooont aarfaoo ooatlag
of alaaiana oadLdo» aor did it approolablor diatarb tho thla froaao
ooatlag plaood oa tho aarfaoo dorlag tha loUiag oporatlon«, Tho
appor oanro of * throahold* oarraat aaa obtalnod oalj aftor tho aorfaao
dirt hod boon rwa>fad froa tho almlaMi aaada br aorubbiac alth oaxbaa
totraohlorido* Thla oloaalng did aot ronoTo tho alnalana oxldo oaatiag
fiaa tho aaodo» bat it «aa aa offootlTo aothod of roaovlng tho froaao
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flmi ihm «urf««« of th* tned«* Th«M tw eurvss flv* • oX«« m to liij
an ^ypATCBtly ttftbl* are of Xbr— ta flmt Mipormi Iom than tha *thraa*
taild* aumnt oould ba laitlatad Iqr stwrting tha anoda to tha oathoda
Igr • aaitea ahortiag red* It appaarg pn>Mhla tkat tha ruboisg of tte
•hDrtiac VDd agaiaat tha aoTiai anoda oould griad of^ ao«a of thia
oartton afaortiaf rod and if tha aarbon duat aattlad on tha ano4a» it
aould maSf tha anoda cppaar aXightl^ *dirt7% eonaaqnastly tha alnlaw
or 'thranhold* anrrant thva dataminad aoold iand to appraaah tha
valua ahoan on tha loaar of tha anrvaa. Both aunraa far tha alwiIsBi
anoda apfpoar to approach aajmptotiaalljr to a ooaatant inlana *thraahoId*
murrant of about fbr^ aaperaa for anoda apoada balow l^OOO faat par
iaKta« iriiila for anoda apoada abora 3»000 fMt por alniito tha *thraa»
hald* aurant InetMaaaa llnaarlj alth anoda apaed* In tha liaaar
portion of tha anrvoa tha alopa of tha *thraahold* eurrant for tha
alaaaad alaninua anoda ia thraa and ona half tinaa tha alopa of tha
eorra for tha *dir^* almUnnn anoda*
(d)« Flat of *thraahold* Mvront t^r eeppar anoda
Tor aoppar anodaa tha Talna of tha #|nljran or * thraahold'
auirant did not appaar to ba dapandaot upon tha eondition of tha anoda
anrfaaa* A aingla anaoth aurro bAinc obtainad froa pointa naaaurod
nainc both tjrpaa of aorfaoaa ( ia. alaanad and unalaanad) • At tha
loaar raluaa of anoda apaeda tha *thraahold* Talna of arc eurrant
aaynptotieally approadiaa a nlninua falua of about aightgr anparaa.
Thia valna afraaa fairl/ aall aith tha Talua obtainad by KonaanhuTan^
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Jonaa and Llat
, i% the higher Yalnaa af aaada apa«d the ainiwa Yalua
for tha are eurrant inerAaaaa llnaarlx ai^ anade apaed* Tha alopa of
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th« ourr* of th« *thr«i!hold* mxrrmnt , tor th« oopp^r «bckM» is !•••
tluM that fbr th« olwui •ImmI—to §mo4mp Imt it is grwit«r than tkwt
fbr tiM 'dirtjr* alwiiausi aaod**
mm mm tkacb AmuiAirai
(a)* Clwinl appTaiw of tiMi low opooA «»do q^t traoo
Figiupo 13* ohowo a t^ieal viow of th« aaodo spoto rooozdod
•a « aoppor Unpm ^ a atablo aro and ia r^roaantiliva of tho aiwii
•pot traoas obtainod at th« lovar valuta erf aro ourront and anodo
^ptada up to about ^d$9 foot por aiauto. Zt io to be notod tkat tho
diat^ROO botvooft apoto, ia tho dirootlon of tho ti>aeo of tho rolotifo
Botloa botiMoa tho aftodo and oatfaodo^ aro fairljf uaiA>r«* Tho gonoral
pptTMWt of tho alwlM onodo tapoo aro -voiy ainilar^ oxoopt fi>r
tho Mall diffoMoooa in apot oopoxmtion and tho difforonooa ia lh«
•pet aiao* RowoTor^ aa iodieatod lator^ aioroocopio oxaiainatiop of
tho individual spots ahov aigaifieaat difforonoos in tho appoaraaoo of
thsco individual spots*
(b). •MalUplo* spot tvaoo
OMor oortaia oonditiona of aaodo spood and arc ourrontp
tho nnifbmitf of tho afp^•ras^a of tho apot ttaoo sas diaturbod ia
ia tsD difforoot «a/8« tho first of shioh is diseussod horoin*
As tho spood of tho snodo sas ineroaasd absvo 3»5O0 to4»000
foot por BiButOf or shon tho aro ourront sas iaoroasod «bovo about
thrso hiindx^ osporosy tho gonoral appoaranoo of tho traoo of tho spots
CO ftpen
on tho/anodo undomsBt a gradual ^langa* Fifuros 13f 14 snd 15 illusti^
ato this ohango*
Fifuro 13* shows th&t tho att. eurreat at tho aaodo probabljr aovod
in a rogular 'saUdac* aannor alsag tho aaods surfaso* Tho high
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aotion pietur«« of th« aro^ takvk fegr Murllar lDV««tlg«tor« * * * -^
•feowtd thaty «t th« iwinl 1 >r Talumi of axiod* spArdt th* art ourrvnt at
tlw «no4a apot aetuilljr valkad trtm ona point to tha naxty aith tha ara
axtiagttlshlaf at tha flrat point aiaaltanaaiiaXx aith ita ifnition at
tha aaat point* Fifwra H« ahova a faa apot *doahlata* aiik thair
azia oriantad tranavaraa to tha diraetlon af notion of tha
!• 11m qoaation^ natural^ ariaaag vara thaaa npota faivad hgr tha
aro *aaDeinc' aidavards^ or did tha aro atraoi afdit and aiaultanaoualy
aSfriier at tao diatinct peinta? fi^garm 15* ahown tha ganand appaaranoa
of tha aaoda apot traoa undar thoaa eonditions of are eurrant and
anoda apaada ahaa tha anoda apat traoa aaa oeapaaad alnoat aatiraly
af npat *douhlata* and 'triplata* oriantad aith thair aoanon aicia
tranavaraa to tha diraatioa of traval of tha anoda*
lOiaMa of tha irragnlaritjr and tha high foi«atlon froqnaaojr •'
thaaa apota on tha aoppar anodaa it «aa inpoaaibla to dirootljr varify
or diaprova tha aianltanaoua axiatanoa of 'nultipla* anoda apota^ aithar
bj aaana of hifh apaad phatofmpha or oaeillafraph atudiaa.
Tha Hndtipla' apota firat ihoaad up on tha aoppar anodaa^ aa oooaaio*-
al» raaeauring doublata oriantad tvanavaraa to tho ara traik* Aa tha
aro onrrant and ihm apaad of tho aoppar aaoda taaa iaeraaaad» aero tmA
aoro donhlota appoarad aaong tha oloaaly apaoad aaoda apota. At atill
hifhar valuaa of anoda apaeda and ara ourrant^ oaoaaional apot * triplata*
nora dotoetablo* At tho irarx hin^ imluaa of are our ont and anoda
opoadOf froquant r»wa of fbur and fiva apota* ifihk thair aoWMl axii
tranavoraa to tha diraetion af traTi^ of tho anoda aora datootahia* *<-
Thia faot aaana to bo aoffiaiant ayidanea to jnatiQr tha lagunptUn
, i
nthat sort than mam aamSm spot canald b« fbnMd at • girmi lattaat. At
a lat«r point in this disieuaaloB additional raaaona will b« adTanAtlte
support tha authori opinion that thaaa 'moltipla* aaoda apata vara
pn>babl7 fbraad hj tha are atraaa splitting aaS atanltaifanaly AMhor*
Ing at tw or nora distinct spota aad irara not foraad Iqr tha aro ctraaa
*ialkiag* aldaaarda,
Im tha eorrant aa4 apaad y«affc lavaatlfatad, it vat only mraly
that tha aluainm aaodaa ahoaad any arldantaa af aultipla apota.
Tluiaa *aiiltlpla* spota ob tha aXwdmrn aaodM oeourad aa aaa <lattblat
pair «wng aaTaral thoiaaaiida of dlatinet aaparata apota*
(a)« Slauaoidal Yarlationa in tha raoortei flM4b tMik
fba laeond dlsturtmnea la tha ragular tmlfbm appaaraaoa af tiM
aasda apot traea took tha fbllowing fbm* Fraqnantly tha^anoda ^pot
traoa aould saka Xatarial davlatlona fm the tr|oa Una* Thaaa laV»
and davlatlona aonld ooeaaionaUy taka on a ngular pattam for ahort
portiosa of tha anoda apot traek* Thaaa darlatlont^ ahan ooeurlngy
appaarad to ba I^31lfhlx ilnoaeldal* A oloaa Inapadtloa of tha natnra
af thaaa brlaf axaoraioBa ahoaad that iiimf naualljr appaarad to ba
fanMd V tha anoda apot attanptlng ta aoparlapaaa aa angular iraloaitgr
of approxlaatsljr 2$00 ravototiont par aaooad wm tha Xiaaar vialaeit/
produaad bj tha Motion of the anoda* In «i attaapt to fiad a raaaaa
fbr thaaa davlationa, it ii|8 fbund that tha aaldiag ganmrator^ naad
aa a aourea for tha arc currant^ had an a*e* mii^MMHiii lijTlBpilii
en tha d*e« output voltaga. Tha aaaaurad fracittanflx o^ ^^* **o*
MBponant aaa 2950 oyalaa par aaoaad aad Ita aaplituda vaa appioxi»-
atal7 tao paraant of tha d«a« output iroltaga of tha aaahlna, Thara

wrm no •th«r ««e« frvquwuiifts of ilfBifioaBt Miplitiid* d«%««t«d la
Xh9 o«tpat of tbo voiding g«norator«
Boeauoo of tho elooo oorroifcatioii botoooa tho froquooo/ of tho
«*o« ooapoaoat of ^lo oro ourront gooorator output oad tho opforHit
doviotioa froqaonojr of tho «aido opeto from thoir aooa trooo linot it
foooiblo to pootvlato that thooo ooEOuroiono ooro oanood fegr
tjrpo of aotor ootion botvoon tho mro ploio oad tho a.o« ooapoaait
of tho BogBotio fiold erootod bgr tho a«o* ourronto that flow in tho
mm4m topo* I« partieulary tho opfMroBt fotational nto of tho aaodo
opet trooo apfoaro to iadioat* that tho aro pXanui aight bo appfaifcui
lag tho rototional rato of t^ avaaturo of an idoal^ oinglo fhaoo,
qraohorous aotor or that of a roxy low looo iadaotioa aotor*
At tho highoot anodo apaodo^ boeauoo of tho apparont tondosoy
of tho aro to font 'aultiplo* opotst an/ oinuooidal TariAtioao of tho
aaodo traoo that aiglit haTo axiotod ooro partially oboourod by tho
axiataaoo of thooo *aultiplo* opoto* At tho loooot valuoo of onodo
•paod iaTootigatod thoro ooro an inouffioioat ataibor of anodo opoto
fbraod during tho poriod of oao oyelo of tho a*a« ooaponont of tho
aro onrroat gonorator oatpat fbr thooo latoral doroatioao to appoar
to fbUov a rogttlar pattom.
Tho foraation froqpoaqr of tho alaataua oaodo opoto vao ouffioioatly
loaar than that obtainod on tho ooppor anodoop and tho aTorago diaaator
of tho aaodo ^poto oao oo aa^ largor ttiaa thooo an tho oopDor tapoo
that any oridonooo of tho latoral doriatioao that aight havo oxlotod ia
the rooordOd anodo trmtk oa tho aluaiami anode ooro oboourod by thooo
aoaditiono.

(0 uom »0T8 POKisD m iwm
fifKPM 16* andl 17«f fbr •luadnNi and o»pp*r x«sp«eilv«lj» tiww
th« ^^iation, with arc mavmXf in th« wifctr af ca»te tpots fanMi
p«r lB«h at T«iTlo«a taXii«« ef SMda p>ai« Flcnraa 10* and 19* ava
a vaolot af tha aaaa InfiariaaiiMi aalac anoda apaad aa tha Indapwiawt
ariahla and Urn tatal ara aorroat aa tha panMatar. Flfura 16* atiaavp
tliat far tha aluaiiiMi aooda* tha mnbar of apota foraad par tnah iaaaraaa*
9m with ara aurraat aad f)»r a t^van are ourraMt« a daaraaaa in tha manbar
•f apata faxmad par UacAk a«a ha ahtaiaad hgr aa ineraaaa in anoda apaid^
Ob tha othar haiid^ Figara 17« ahova^ that for tha ooppar aaDda» ihila
tha annbar of apota foraod par ioah alao iaoraaaaa with inoraaaiaf
ara aarrantp fbr a ffivan valua of are currant^ an iaaiaaaa in tha
aaada apo«d oil! raaolt in aa ineraaaa in tha —her of aaodo apota
flaraad par iaah* Fifaro If • aho«a» that for aafth Talna of ara eurraotf
tha Bbar of apoto fonad par inah» on tha alMtw aaata» daaraaaaa
and approaahaa a ainianta aajntptotio «<aluo far iaeraaaiag ifoliiaa of
anoda apaad* Thia aajmptotia valna —mu to ineraaaa in an approiKinata-
17 linaur faahon with inoraaaaa in are eurrant and raqniraa larger
aluaa af aaodo apaad to roaefa tha nininaa fULLua at tha hi^ar iraluaa
•f ara eurrant* Fiffora 19* ahoaa that tha nawbar af apota fomad par
inoh on the ooppor anode inoreaaoa and appffvoohaa a naglawa aaynpt*
atia ralua for aaah value of are ettrrant* Aa in aaaa of the alaniHM
anode* thia a^nptatie valua aaaia to inaroaao linoariy with are
eurrent*
Thaaa faata aaan to indioata that* fbr tha alwiinBa onodat tha
anoda and of the ara atraaa naat renal a at a frivan poaition far a
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fU«d length of %imm in ord«r to eahior* aro ttabillty* This period
9fiptmn to dopond priaarily on tho vmluo of total «r« euimit* On tbo
othor h«x>d« flar « itahle aro to oociat, tho oofpn^ aaodo •••• to roquiro
that tha are plaeea be aet extended bofond a fixed awteei laagth^ %f
the aotion of the aaede, bafore raieiition takee plaoe*
mmn. or uum mwts ?omkd wm wmom
rifuree 2(X and 21. f for aineintti and eoiq^er reapeotiiraljry iftiev
the Tariatlony with are eurrant, of tha suabar of aaede epeta fbised
per aeeond at Tarieua valttaa of anod«« apo^td* fiforaa 22* and 23* are
e replet of the ewe data neiag anode epead ae the iaiepeadeat Tari«
able aad are eurrent ae the peraateter* Aa previoualy mentioned^ for
the alaniwie aaodey |11 th^ apota fbmed aeeaad to be araatad iadividiul«
_
1/ vith ymwf little eridenea of the aadatanee of * Multiple* epete* The
inereaffe im the anibar of apete fomad per eeeond* aith inereaeiag aaede
epeaday appeare to piaeeed in an evdarljr faehion aa iadieatad on Fifurea
tO« and 22* Ronavary fbr tha copper anodaf at aro ourranta abeve three
haadiad o^pma, in tha leaer range of hha anode apeede iwreat1gated» <-
aad for eveiy Talne of are oorrent at anode apeada above A, 000 feet
per ainntaf the iaaraaee in the apet flafaatioa freipaaiy alth an ii>»
exaaae in anode epead or are eamnt eae priaarXjr eaaaed Iqr fdMt eeaned
to be the rapAd growth of the taadaMSr for tao or aora anode epota to
exiat oeaearfentlx* Aa prarieualy iadiaated» a eaapariaon of figorea
13• andi 15* itf»« the aarfced dirrarenca in the appearanee exibited Igr
the eaede traoe of the aoao»apet are and the traea of the aalti-epot
are. fkiM traaeition froa aingle apete to *aaltiple* apote ia evideneed

rf
la ih9 gxvatlj InerMMd ilsp* of tiM *«pot« p«r laah. eiunr* plotted
afalBat «ro ourrvnt In the higher rang* of aaodo spoeds (Figure 21)*
lie effeete maj aleo he seen ia the Teriation of the elopee of the
•eiMit«at ourrent lines plotted en fignre 23* (spots per ineh vs winds
speed) • On this plot it sen hs sesa thst, fbr surrents helow three
hnadred siipereSf the slope of t^e oonstant earr^nt liaes deoreeses with
«B increase is anode speed, nhile for ourrents abofo ihis tsIym, the
slope iaerssses slth sii iaerease ia anode spsad*
wicmaaono ixAin^ATioif of thb iimm frora
(&|)« Astogmphn of the aaede spots
4s prstieasljr lBdis«ted» rigoree 13. thrMgh 15* rt»« the gsasrsl
ippearanee of the are traees oa the anede sorfase. Figure 13.1 %
tjrpioal of the am>eeyance of all altaaiBua anode spot tmees and also
of tha low anode speed sopper aaode spot traces* Figure H. and Figure
15« are typioal of the high spe«d eopper anode spot tratses. Figures
4« through 10, show eagnified lews of spots for different tjpes of
saede aateriali differaat Tslues of aro eurrent and different values
•f aaode speed* To persit the proper visualisatiea ef the sise of
^Mae spots, a seale has heen superiaposed oa these latter Figures.
lash aajor division of this ssale represents a aeasureaent of one
sixth ailllneter oa the aaode surfsee*
(h)« The alfrf—i aaads spots
The Tlews of the spots fhraed on ttim aluaiaua aaodes (Figures
i« to 6.) shew four dlstiaot idaatifiahle rei^lons, aaaelji*
(!)• 4 oentral portion that has tlie appaaiaaee of a slrtaXar
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that 99mm to ftpproaA « roIatiTolsr thrp poiat
(rifurt 5*) •iimuBd«d bgr « aliiht d«pr«Mdoii or *Bo«t*«
Figaro i* fhovs tbo ttao oliorftetorlotlo monuA, ooceoipt tho%
iB thio rifiiro it anpoor* oo tboi^ tbo aomd Up hod oeU*
•pood to fero o olifht orator. Figaro 6» givoo orldonoo that
a WBnmA hod oxiotod hot tho eollapoo of tho oontral rogioa
naa fuffleiontly oxtonoi-ro to praotloally oblitorato ttm
mmmA^ In all iofftaneoo, tho sound and ito ourroimdiBf ^aoat*
ooTO eolerod a doop bluo» ao thoofh tho aotal had hooa hoatod
ahoioo tho «oltinff point and this ^pohohod oaddoal/*
(2), Tho noxt roflon ia anaalar in #iapo and oiunrotanda tho *aoat*«
Xt has a Aarpl/ dofinod oiitor oironafaronoo and a olifhtly
* fturinooil * anrfneo* Tho •ftirrowa* aro partioularXy orldont
in Figuro 5«p but thar may aim bo aooa in Pigaroo U, amd d«
())• ?f)o third rogien ia aloo unnular ad Mno^pami tho tm
rogioao proriooal/ doaoribod. Zta aorfaeo ia rolatiiralor
hflg^ aad uoBallT' frao twom aurfaoo diaooloratioao* Thio
rofrioB Mj noat oaaily bo ootft is Figoroo A* and 5*
(i)« Tho loot diatinctlvo rogiMi i« a ha^r ring aiwsad tho
•pet aid apiwaM to bo xnpaod of a thi^k layor of aluaiaHi
oxido mA a hoaiy ooating of oarboa aurfaoo tepooita.
All tho aluaiflotni apota oocanlaod aoro ooapoood of tho four dia*
prop*'" "!»»•*
tiaot rogtono oatliaod aboTo. Tha rolatlvo propotloa of tho araasef
MMh ragioa ohaagad with ahango^ of are ourront and aaodt •p^^d» For
low Toluoe of aro ourront tho innor aroa had a definato aonod with a
'•ollapood* tip and tha neat arrotiBdiag tho aMWd oaa wbH dofinod*
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Th« b««t mmam •f Ioo«tixig th« lialta of this rtfioa wlb it« •havMt*
•rlstio (to«p hlxM «olor« Kith an iQ«r»aM la «r« earrcnt th«
fm iairimt a»r« rmpldly th«a th« oth«r arwM^ th«r«bx itndlxig to
•teavr* 4« oth«r dlftiiic«ia)uibl« •stias. riguxt 6. tf»«« Xhm wtvnA
T9m oeo«nriag pxttAtloally th« «itir9 spot mr*« aai valj Ttiy Mall
portiona of tha othar dlatlnot araaa Tiaabla*
(1). Hatatiott of tha aaltad aSMOnv aaaia aatal
Ifo ratatlonal aotioat or vartloitj^ aas •Tldeat In tha aound
araa, boaavar tha forroaad aaetlon aaa iayarlablj glaovad in
•Mil a diraation as to anggaat poa^-lbla ffotatioaal aati<m af
tba aatal* Tha fUmvSt aa ahoan by Tlguraa A» aad 5«t «•*•
altnf liaaa that appaarad to ba ratatad aaontar-ialaalcaiM
with raapaat to tha radii astaadiaf fVM tba aantar of tba
apot*
( ii) • Iffaata af tba alMlai aaoda sarfaoa MBAition of tba
^pat appaaranea
Tba oBlj aabarial diffaraaaa that aaald ba diatingoishad
OMflg tha apota aada on tha alaainua aaodaa with diffarant
aarfaea ooaditiona aaa la tha siaa of tha outaTaoat tdiaraetar*
iatia araa. This baay» darttly aolora^f araa aaa aaah larfar
for thoaa aaoda tapaa ahoaa surfaeaa bad arislnally ba«i
VM(baaad bgr aaaaa ot a ataal alra brush, ar ahosa aurfaoa
dirt had Mt baan raaoTHI, thaa aara tba aarraapoading
paaiMaA oa alaaiassi tapaa abbaa aarfaeas bad ba*^n elaaoad
aitb MibM tatraohlorida.

a( o) • Th« oopp«r uK>4ft spott
Aa «•« In TigarM ?• throtigh 10* th«r9 «er« onlj tvo
distiacKMMble rvgioat in the anode »pot« formed on eoppor tefNi*.
The eurfaee ooatiac of eartiQtt drpoflta and a«fp«r oxide wb «|ppv»xiMit*-
Ij oiroolar in (ribiqpe. In the center of these depeeita a enall portion
of tho tgppgy iMd aelted and fbxve^ a tin/ nomid* Sorroundinf thie
MBi «ae a bmmlLIj aharpi/ defined aoat» although at the higher Tnlnee
•f anode ap«ed ^e mnvmfi with ita aoat uauall/ had inatiffioient height
and dai»th oontraat to pemit eaay identifioatioa* Figarea 7« and 8*
ahow htm olearljr the anode apota* on oopper tapea^ are defined aftor
the aorrounding ooating of aarfaao dapoaited oaiton haa baen r«K>Ted
%7 aaana of a dilnte hydraohlorie aeid bath.
(1). notation of the neltad tapyr bbbJi aaital
OLoaf? inapeetion of Figure I0» ahova the eiciatanoe of oiroular
'••toar* linea amiiad tha taipar no«id« In a few of tlie
of apota axaained it vas poaaibla to follow a ainglo 'oontonr*
Una aa it sirolad the aovnd two or three tinea • In all atMk
eaaea the line apiralad in a oamtexwoioelcviaa direction aa tlia
line «aa traaed fran the baae teaarda the tip of the noundy
indiaatiag a poasible aountar«alo«iinri.ae rotation of the nolten
( il) • Kffeota of oopper anode aurfaae aondition on the apot
Figara lOiHi* ahova the appaaranea of a typieal anode apot foraad
aa a aappar tape ahoae aurfaee had a heavy oaating o^rfaee
ildah liai net baa* fraalaanad prior to the ran* Thara ia
i
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littl* •T BO •vidwMe of any tondanoj fbr th« Qvpp%r to
fl«fflei«ntl7 hot to aolt and attonpt to fbra a ]>lp* AI1
tho vftluofl of aro ourront nd «Bodo lyto* •••d to obtain tho
•pott illttotratod in Flguroo 10« and ICUa* nor* id«Btioalt thoro
iM littlo •lailarity botvom tiio appMfl«Mo of thaao apota otbar
tbaa tiM layat of d«poaitad eaxteii partlolaa. In tha raafa of
•M —rrfita aad modi spaada Ixrvaatigatadf only at ttm lovaat
valnaa af aaoda spaed did a aauad davalopa on a 99ffr aaeda that
had not prarloualy had ita aurfaea dirt rHBrrad by mmtt olaaaiac
mom »oT Mum
(a) Araa datazAinatioa
In datamiai«c tlia aaltad araa of the axkoda apota tha aajor
aad aiaar diaaatara af tha outar adfaa af tha *noat* fbxaad aiwad tha
affw cpata wv aaaaavad* la tha 9aM9 of tha aXuaioM apata tha
autaraoit aaJor aPd aiaer dluoatara of tha *fterro«ad* araaa wax* aaaa*
vrad* Tha *aaltad ax«a aaa than aalealatad by aaaiaU«f that tha apota
aara ^Ulptlaal ia ahapa*
(b)« Plata of tha aXaBiam MMda apot araaa
Figovaa 24« |ad 25* ahov» for aluHiBUBi and oopper raapaativaljt
tha ariatioa« with aro aurroiit« of tho oTaraga anoda apet araa at
aala^tad valoaa of anada apaad. fifuraa 26* and 27» ara a raplot af
tha aana data for aeaMitant mlaaa of ara ouivaBt aad iMdriona talaaa af
aaada apaad» Figara 24* aho«a» that fbr anoda apaada below a yoImo af
7f000 faat par Bijwta» tha almdniai anoda apot avaa Inandaaail appiwi*
laataly llnaarl/ vith arc ourrent* ror an anode apaad af JfOOO faat
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p«r Biimttt ao appneiabl* oh«af• la th* aluBlmai aao^to apot araa mta
d«t«tWbla aa fhm aorrant aaa irarlad. Otar tha llaltad ranga af ara
eurraiit valuae Inaaatlgatady tha auada apot araaa foxaad on an alaalnm
aao4a tntTalinc at 8,000 faat par nlaita appaayad ta daeraasa altk
•n Inaraaaa in ara currant* Froa figara 2A» it la to ba natad, tluit
at an aaoda apat< of 3»165 faat par niaaita^ for tha aluninim aaada^
ahila tha lodividMal aaada apat araaa inoraaaad liaoarlj alth an
inaraaaa in aro onrrant until a aurraat of abont 240 aaparaa aaa
raaahad, at tha graatar valnaa of aaa aurrant, thla linaar ralation*
ahip aaa loot. In faat» fbr ara ourranta bataaan 2S0 and 330 aaparaa
tha alopa ot tha plot of aaoda apot araa va aro aorraiit ia aagitiva
inataad of ooaitiYo* To a laaaar aoctanty thia tandaiiaj of tha aaada
apot araa ta iaavaaaa with ineraaa«a in eurrantf at tha largar Taluaa
of arc aurranty aaa alao aotad for tha oopu«r ttioda aa pointad oat
balov.
(a)* riota of tha aoppar anoda apot araaa
Fifttra 25* ia a plot of tha oyppar aaoda aToraga apot araa«
for aonataat valnaa of aaoda apa^d, Ta ara oarrant. Tha appaaraaaa
of thia idot ia r9rj aiailar to that of Pigora 2i» ahioh ahoaa tha
aaaa data for alvMiaua aaodaa* Boaafvar tha foUaving iapartaat
diffaiattaaa ara to ba notadi*
(i)» Tha araaa af tha aoppar anode apota ara aoah laaa than tha
alaalnai atx>ts fbmad aiiar identiaal aoadltioaa mt
apaad and ara eurrant,
( ii) • Tha aoppar anoda apot araa appaara to baaaaa approxiaatal/
aonatant fbr all valaaa af aro aurrant at an anada apaad af
/%
u•b««i ffOOO fMt p«r aiflut* aa eospuvd irlth a rmXism of 7,000
f««t p«r miiittta fbr tlui alttiiatuB uioda.
(iii)« Th« ehanffo la slop* in th* plot of spot «r»ai|^d[«Bt at
m Mn4i tpiMtf of 3*169 foot por almaio for tho aluaimm oaodo.
oppoaro to bo ropootod In tlio o«oo of tho eoppor oaodo f^r aao4o
piito of 3tI6$ - 9>000 tad 7,000 foot por imito. Booovor it
eocuro at a highor teIuo of arc ourroat ami is mmIi Xooo proaoupood.
At tlio hifhor valuoa of aaodo opo«^d wmA for tho largor valuoa
of are oarroat tbo dtooroaoo in tho indiTldual ooppor anodo apot araao,
vitli iaeroatiag earrwat, affMM rooiWMblo if tho propooltien of
•lavltflBoonaly fomod *sultiplo' anodo opots, prorioaaly dioeuMody
is ao -iptod* loawor tho laek of anjr othor OTidww of tho oxiataneo
of thoao *naltiplo* apota on tho aluBlnoa anodo naMoa tho doeroaaing
apot aroa, idth ineroaaing are (rarroaty diffieult to aomlain*
rifuro 27* ahoviag tho variatim, with anodo apood, of th9 ooppor
UBOdo awt aroa indioatoa that at an anodo apood of aispraaclaatoly
fyOOO foot por nimito tho oonatant ourroat eurvoa paaa thfoagli a
Bimaa point* A oonpariooa aith fUpam 26* rolatiaf to Vbm iIiiIm
anodo, ahoaa that ^m oattotaat oorvoa tond to aporoaoh a ainilar
ooMmi point at mi mnja apood of •bovt 7,000 foot por ninato. If
invootifationa aoro to ho ooaiaotod at aaah lajtOF valnoa of aro
anrmnt thoa aoro foaaiblo with tho MialTaMnt uaod in thaaa aacporiaonta,
the oxiatanoa of thia oaaflaa iateraeotion for tho aliaiam anada aii^
ha dofinatl^ ootabliahad«
(d)« Linitationa in datomininf apot araaa
Although tha anodo apota foraod at tho highor Taluoo of
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•flBda mpmd ar« vmrj regular in «|»p<u«ao9 tad cr^ry •ff^rt m^ wmd%
to •MMurv th« (urto«l bssIvub and »t«lww iUmmt^Vf It la fait that
tha araa datarBlnatlon for tha axtra«al]r iBall aoypar apota aoaountarad
at tha highaat valxiaa of aaaia ap*a4 aay ba 1b arror by &» nu/t aa tan
paraaat* Thla paroaatafo arror iR>uld arlaa by uaoartaintlaa of tha
erdar of lA20 illiaatara ia tha aaaittraaaat of tha aajor and alnor
diasatara of tha aaallaat oonwz' onada apota* Saoauaa thay aara ao
aah Iaaar» tha aama nnaartaintlaa in tha diaaatar aaaaarManta of
tha aluBlnm anoda apota aovld oalj glva rlae to arrora of about tip
parevat ia tha spot araa datarainatioa*
APPAXEKT OBKKBKt SMSITI
Flguraa 28* thraai^ 31* ara plota of tha appara&t aurrant danaity
•f tha are oorrant antaring tha aaoda* Thaoa grapha vara obtainad by
divldiaff tha ara anrraat b« tha oaloulatad avaraga araa of tha aaada
apota* Figoraa 2% and 31. ara partlaolarly intaraating. Thay ahew
tha Tarlatioa of tha ^pparant ourrwit dMiai^ af tha are aurrant at
tha oappar aaoda* Flgora 29* ahoaa^ that far apaeda abova %X^5 faat
par ainutot tha eurtoa of oonatant aneda apaeil irtian aoctandad balo«
tha 'thraahetd* attrr«it« taad to intaraaat at a rniaaeB aairaat danalty
•f abattt 115«000 aaparaa par aguara oaatiaatar« and aa are oorraat af
ffproalaataXy IdO aaparaa* figwm 31* ahoaa a auah aharpar iataraaatlaa
af tha aoaatant rmrrwit linaa at aa aaoda spaad of A«000 faat par
iHKia Mid aa apparaat aarrant danalty of 1X2»000 aaparaa par aquara
aaatiaatar* Thaaa dafinata Intaraaetlona aad tha praaanoa of ahat
appaara to ba dafialta aultl-ooaxlatant aaoda apota on tha aappar tapoa«
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at Mrtain «MkiiMiUoB0 of aoDd* tfi—A and «re o«rr«atf ••« to b*
faJLrly aMWltuilv* wTldttno* that* fbr tli« partlMlar MBdltioaa iinil«r
iriiiA th«M tacp«riB«nt« wt9 eondttet«a» tlM actual bsjcUmb •uiT«a%
d«uii%7 that oan b« aopyertad %y^ a atdbl* are and a oopper atte>4a is
vary oloM to US^OOO aq^raa par aQtBai^ oaatinatar* Tlia aather la
of th« opinion tfcfit the Rpoanmt aurr«nt dansltiaa cnraatar tliaa
112,000 anpeirst per eqaaro contliiatar, plotted fbr anode apaada abeva
^«000 faat por iiintita» vara OMMad bjr tha iimat— aaauaptloa tiMt
•Bly a aini^a cyiois amot aitlatad at iny pitran inatsoit, aharaaa ihm
appaaraaea of tha anoda tmoes at apaada aboTo i^,cxiO faet p%r alnutat
as l/ti8Wa in fi^roa lA* aad 15* 0a«« ta eontmdiet this aaswsption.
If tha poatolatat that ^a oop^r anode will aot ouppcttf hf
naana of a stablo are^^ an are oorrant dansitjr gf«>at«r tboB 112^000
aanaras par sqmira efntlitatar, at the anoda, is tma, tiisc soaa
additional raaaoa ii«at ba advsnaa to aaylain tha aj^arani eurrant
dsnaitiat greater than 112,000 aB!»ara0 par aquara eantiMatar (Figures
29, and 31> etSatdated fbr tha lover valaaa of aaade apead md are
VB^reBt*
fifvrae 29« aid 90* shoaiaf tha variation, vdtb are curraat and
aaade apaad raaaeetivelT, of ihm atnocrant eurrart density at tha
tSUmimm aasda saaa to indicate that investlfatia&s at graatl/ inereaaed
valnaa of are evi^rent aad / or aasda spaed aust be undartakan ta
loeate the taltiaata stable are enrrent deasitj that aaa be supported
at aa aluaiaoa aaoda^if sash an ultiaata valna exists, laaaase tha
tread of the eanres of Fifure 90. are siailar to th« trend of the
laaer eurreat valuaa ef Figure 31* it sasas logiaal to euppoaa that
an ultisata Talaa aaf exiat for tha alaaiaai saada*
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TOTAL iBLfBD AR&i rOi SBOOKO
figarm* 32« thronigh 35* show th« Tarlatioiit with wro eoivni Mii
aaod« sp^edf of tho total «aodo «urfao« «roa aoltad por ooooad^ fbr
alwilBvui «ad ooppor aaodoo* ThoM graph* «oro obtaiaod hjr sultipljlnf
th» YftltM of *«nodo opoto foraod por moond* (Flguroo 20« to 23«) «lth
tho Tftluo of *aBodo spot aroa* (Flgima 24« to 27.) « for aolootod
aliioo of are mavmut toA aoodt ap^^xd* Figurw 32* « for almlniniy
rtwia that tho total aoltod aroa Inoraaaoo la a roughly linoar faahioa
with ineroaaea la are eorrenty aad for a giT«a v&luo of are eurrent^
tiM total aoltod ar^a la graatar for tho laiigor Yalnoa of anodo opaed.
Hovoirart at tho higher Taluas of aao4e ipood the alopoe of tho ooaata&t
anode epeii ettrvos i—rtaaoe for Ineveaaiag valuoe of anoda apaad as
ahean hy Figure 32* (total aalted area par aaoead re aaeda ^>aad)«
Thaaa iheagei la the alopaa of the ooaetont aaada 9p99A murfa plotted
afiFlgura 32. aalta the aonatant currant eurvaa (Figure 34«) appear
ta ap^Poadi an a^jnoptotla valua for aaah Talua of are aorraat. Thaaa
aorvaa Indioata that the aaxlaua total area that aan be aelted hy a
glvan are aorraBt la obtalaad iAmb the ourraat la at^ or eloaa ta tha
thraahald ^ralua fbr a partiaalar alua of aaode apaad*
Flgara 33* ehovlng the irarlatlony alth are eurr«Bt» af tha tatal
area aaltad par Beaaad^ and Figure 35* ahowlag thle variation alth
MWda apa»d, fbr the aoppar aaode^ iadieatae the aarked differenea la
the tatal aalted area per aeaoad fbr tha varioue Taluee of are ourrent
«id aaode apead* Tha diffaroaeea bateaen theee aurrea and tha eiallar
plota for the elilawi aaodee (Flgurea 32. and 3i«} and the Ifak af a
anifoxa pattare of variation with ahangailn anode apaed and aro aurrant^

art apparentl/ eau8«d^ althsr ^ tb« unkaoira faotora erMiied b/ th«
fbrBfttioB of tli« *mltipl«* spots an tho eoppor «ao4o ottrfooos, or
aro tiio moulta of ixaoeormoioo 1a th« ooaoiurMMnto of tho 1F017 oaoU
•^ptv flndo spot aroaa* Howovor^ oorroetiono fbr tho ootlaaiod
Mtxteoo orror of plua or nlnuo %tm pwoonty in tlio aroa datonlnatloa
•f tko vorjr aoall ooppor aaodo ooppur aaodo apota^ oould bo iaoiiffloioat
to aatoriall/ altor tho iluipoo of fhm mtrwmt ahoim en Fifuroa 35» oai
35* thoroforo it to beloivod that thoao ourrea giw a truo ropfooiot*
•tioB of tho pattoni of TarlatioBt wikk aaodo spood aid aro oomnt^
•f tho total ooppor alBo^« avm ooltod por aocwid*
TOTAL UKm 80HFAOE ASA (BLTSD PB Al£?IIB PER Hftm
A plot of tho v«urlation» alth are ourront, of tho total aaodo
•arfaoo aroa aoltod por aoporo oor sooond oan bo intorprotod ao a
Moouro of th«) offiolwioj of tho are In tranaforring onongj to tho
•arfaoo* Tho ton %ffieloney* laood horoln is oppllod in tho
gitmk aboTO.
Pifttroa 96« aad 37. ofaow, fbr alwdma and iofpov indn ro«pooV>
iToljf tho arlatloB^ oith are ourroat, of tho total aaodo aorfaoo
aroa Boltod por aoporo por aooond at oolootod valuos of aaodo apood*
riguo >6« thowBf tor tho alialiiiai aaodosy tho offleloooy of tho aro
inorooaoa with an ineroaao la aro oiuroBt fbr tho looor valuoo of art
ourroftta and anodo opooda. Hooororf for tho largo ^mliioa of an
ourrwity tho offloloiioj apT>oarfl to dooroaoo olth laoroaalaf ourront.
Thia tondonoj la partieularly ovidoBi la tho plot fbr aa aaodo opood





> of 7^000 and 0^000 f««t p«r siiiuta. This Figur^lklM
hovB tlwt th« aeltiiiK tff^oianeyy flor a fflvwi ipaIm of aro ourront^
Mui bo Inoroasod bf oa Inoroaoo in aaodo opoed* For amy partleular
aliM of anodo opood tho ooot ofleiont utlllaatloii of tho or; for
oltiof tho aaodo oturfaoo, oooiiro idion tho are ourront ia maintal&od
at tho *thro9hold' yXvtm fbr tho particular valao of aaedo opaod*
Figaro T7« ahowo a oiailir plot for tho eoppor anods. Horo
agaia^ tho appaaraaao of tho *aultiplo* anodo opito Introduooa a faotor
into tho oaloalationo for thoao oarvea ohiah aaka it diffloalt to draw
tfKf foaorrtl ooBolaaieno ooaeoraing tho aoltiag offleionojr of tho are
botwoon a oarboB aathada and a aovlAf oop!>or anode. Moooror there is
a iai7 alight alailarlty betvooa Flfuroe 36« aad 37* that a«n bo
aotiood* la both flguroa tho aolting olYieienoy of the arc ineraaaoa
with an iamroaao in are oarront at tho lovor valuoa of anode ^poed^




(*)• 11i« set^ad of invea+. .. •. ,.'»: or-, rit tr^y •;r,.,ao 'X JR
•le«tne »r0 r r .ta ^4^0 bMh^; ext^idcA
to «n««aip«Mi ;;.;._.. -.,-.-,;; „,._,.- .xnt*, 1C,000 f«rt ^er
Kinut««
(b)» I:"* •a; at<ip:ia cf ». 'v- i' or r f»:7aip^ Tftiu« ddf
ara otimNtt for t^i« fon»tien «f a driiiM» !\ro b«t««dn laovin^
«a«M of flMVlBet aluaiauB and og|yr WK>d»« Kt a fix. ^^
ctlcn o^ l/R in«h f»eB « Gftrtan orthod** th« ' t!a ros^' eld' ^
. . IxnmkVly vlUi a£»d» ^^•euy &t a^oaC^a aLcvq ^^vU,
fMt ptor MUmxi* «nA i« hl|g^»r f»r M^«r MMiiM tlxan for
•IwlTiMi wBikkM* FlBV ap—<» bal«« 59OOO fMri par xJsuta
tlk* oappMT amMb *thrti#>«M* fryut ftoyMptoticftll./ ftpf>raiaitfi*a
a Tmliia of tk>^m^ (^ ftaptip^mt «hll» the ulirriifwr ftf)o4« *thr<Miiold'
»a|Bf
W
tioajL ly B^?pr.>«.C';«n a TaXua of aUmi W isuz^circe*
(4)» fHa l>ywiitiia» vpan surfaoa oantitiai^ af Vtla variaiias^i
with aneia aeeaA, cf tha *tl!tr»AaliA' «urr«rt tC'V Alu-Jj-rLEn
» f' cr;:,;er r... •>; sa *ui« IXMwi aatad and rougjUj aaasured, .1 ."
UMit a thin ^iraaisa aoatlTif an tli4» aappai* ana4a hat so r
^f:m% •» "Uia mixta of 'thfatihold' aurraat. Hme^ir, <ilti.>^^^.
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%bm Mae thin fr*a»o ooatinf on the alviiatn MDde alee had
aefUcahle effeetux et apvede below 2»000 ftet rmr aiatate,
it lovered the 'threshold* ourreai afpveelably fbr anede
apeed* abofe ),900 f»et per itlnute*
( a) • The prebable regular fbraatloa of auItlpXa awumrrently
axlatiBir aaede apota oa eeppar anedea aaa deteeted at all
valnea of are ourrent, for anode apaada ef 5*000 f^et par
Inute aafl greater, and fbr are earrenta ef 900 aMparee or
greater at anode tpeada aa low as 5»0oo feet per alnute.
(f)* It was detenained ^lat the mmtimm aivanat eurrent denaitgf
that a eepper aaote anpaarn te be able %b anpport* bgr aaana ^
af a at-able are, is appwwdnately lOO.'vy) aMnerea par
oantiaeter.
(g)« Far alnmima aaiodaa^ apparent eurrent danaitlea ef the order
af 60p000 avperea par aqtuure eaatiaeter eare noted, bat thia
valaa 4aaa not appear to be the maadmm ymXx» that aaa be
aapported hj aaaaa of a atable are*
{k)m Far bath aXMlnttt aad eepper anodai^ WMiMvt vatatloaal
aotioa la a ocranter»clealcwlee direction* of the aeXted netal
in tha anode apot aaa noted over the entire rantre of anede
apaada and are eurrents inveatlgated*
(!)• For aluilaHB aaadea tn uaasplainad daafaaaa* alth Inoreaslag
are eurreat* la the iadlTldnal anode apot areaa* the tatal
aaade aurfaee area aaltad par aaaaadj^ and the apparent aalt»
lag effiolenoy of the are* tree noted fbr are earrenta aboTe
ItO aaparea ead aa anode apaed af 9*165 feet per alante*
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(j). For alvailmni anodes traT«llnf at 7^000 f«9t p«r alwatey
iasraasiaf "ttia are attrraat had ao affaet ofL tba anoda apot
araaa and at anoda apaada of 9,000 faat par alnutay iaoraaaaa
la ara aorrant appaarad to oauaa a daeraasa in ^a anoda apot
araaa. Siailarly for ooppar aaodmi, apaada of 5»000 faat p%r
aiauta appaarad to pravant aogr alMafaa in tha aooda apot avaai
aith ohaafa la ara aafffaat, ahila apaida abova 5»d|^ Faat ^r
Izmtai tha anoda apot araas daoramaad alth inaraaaaa In are
eurrant.
(k)« It aaa aatad that« at apaada abo'va 3,000 faat par alnata, tha
aappar aaada aonld not aalt and fom a raiaad anoda apot, -if
tha anoda aorfaea waa aovarad with a ralatlvalj haavy aaating
of aoppar oxida and a thin aaatlag of giaaaa*
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vjv Qf f^im^ m m^^frmmp
FifttM 1* «• O^iMnd t1«w of Vm hifti »n»d» tpm&A dlrvet oarr«it
Art t»0t apparalMfl
Flfar« 2* « ?i«fir of tli« taod* iih««l a»d onthode MMBtlBC •bowliiff tlit
tan riwrtiag v»4 la uttitliwi for •t«rliag th* are.
rifiur* 3. • ?!•* of aa aaedt %^p« aowitad e« tiM tmiia #>—
1
Aantaf
fi4puf 4* • Ohaff««t»ristle aiBoA* apat faiBad as tm aliitiw «M4a at
aa anodo apaad of 3«X65 faet par Imita and an are eurrant
of 105 vsparaa.
Figara 5* • Oharaotariatie aaoda tpot tovAmd aa aa alaaiana aaaia at
aa aMia apaad of 39I65 faet par aiauta aad ^a ara ourraat
of a05 avqparaa*
Ftfara 6* * Obaraatarlatia aaada apat fbnad aa aa aluajjaai aaaia at
an anode apa<MS of 3»165 faat par aiauta sad aa are aorraat
of 295 aasaras*
Flgara 7« • QlMuraatariatio aaada apat flaiaiod aa a eoppar anode at aa
aaoda apaar of 3^X65 faat par aiaata and aa are eurraBt
•fliO aaparaa* 3erfaoe aaatlaff of eaiinaa dapoaita aad
aaldo reaavad bgr a dilate hytfiaahlorie aaid bath.
it* Quumotarlatie anode apet fbraed on a oappar aaede at aa
aaada epead of 3»156 feat per aiimte aad aa ara earraat
af 300 aaneree* darfaae ooatiag of eaxtaa dapaaita aad
oxide reaeiwid by a dilate hydroehloria acid bath|
Fifara 9« • Gharaateriatie aaoda apot Itaxaad aa a oappar aaada at an
anode apead of 3«l65 feet per aiaate aaA an BJIft- eurreat
of UD aaperea, fhowiaf tha iMBfT dapaaita of earboa
partlolaa and oop'>er <niXda aanfeaadiag tiM apot.
Figure 10. Ciaiaatariatio anode epat faraed aa a aappar aaoda at aa
aaade apaed of 39I65 feet per aiaate aad aa are earreat
of 300 aaperea» a^oaiag the heai^ dapaaita of earboa
partlelea and eopper oxide aawoaadiag the apot*
fIcure U* TariatiflrAy with are eurreat, of the are potential drop
for Tarlottt T«!»liie« of anode apead* ilaaloua and oopper
aaadeey Sleotrade aeperatioa l/B inah*
Figure 12* Tariatioot ^th anode opae^t of the *threehold* eurreat














filw of typioaJL tx«e« of iax>4e apott reoorMd on « oopp«r
•a»de for low vttlttM of «ned« apoM* Aaod« spood 39I65
flMt p«r ndxutey arc current 1^ tmpmva, (9ot« tlviiaEUi
UtmAM spot traeoa ar« iallar fbr all TaliM* of «Md«
•paad and arc ouir«&t«)
ffiflfw of anodo spot* on ooppor anoda thowinr the traco
appoaraato ahaa ali^hi oirldMMO af 'attltlpXa* apata aia
flrat datodtad. Aaoda spaad 5»000 faat par aiauta,
ara oomiit 200 a^paraa*
Vlaa af aaoda a ot on ooppar anoda «Imb awaniaa 'oltlpla*
apota axlat* Aaoda apaad 8,000 faat par mlnata^ aro
aavraat 320 «q»araa«
Varlatiaa« alth aro aaivaaty af *^ta pra iaoii* at
aalaotad valuas of anaia apaad* AluKlmai aaoda»
'7artAtlaa» aith ara aarrtai, of * Spota par laoh* at
aelaatad iraluaa of iwia apaad* Oappar anada*
Vari«tloa« litto aaada apaadf af 'Spata par iaah* at
aalaotad vnliiaa of ara aurraat, Alualnun aaoda.
Tariatlouy with anoda apaad , of * Spata par toot* at
aalaotao aXaaa af ara aarrant* Ooppar aaada*
Tarlatioaf alth artf aamaif af * Spata par aipand* at
aalaotad Taluaa of aaoda apaad* AlyaioKBi anoda*
Tarlatlon, Ylth ara oorrati^ of * S^ots per teoond* at
aalaatad valaaa af aaada apaad * Caspar aaada*
Variation^ with anoda apa«d« of * Spata por aaaoad* at
alooood ^raluaa of ara ourroBt* Al^Mlmia anoda*
Variation^ with aaada apaad, of * Spots par aaaaad* at
aalaotad valaaa of are aamst* Gappar anoda*
Yarlatiotiy wltl^jkro aanrant, of *Aaada apat araa* «i
aalaotad valnaa of aaoda apaad* AlaaiaMi aaoda*
Tariation, with afs eurrant, of *.<l]ioda apat araa* at
aala<3tad valuaa of anoda apaod* Gappar aaoda^
fariatioa^ alth aaada apaady of * Anoda apat araa* at
aalaotad valaoa of are oarraat* AlaaiaMB aaoda.
Variation, alth oaodo aaaad , of 'Anoda apot araa* at
aalaatad Ynlaaa of ara earrant* Copper anida*
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Fifwr* 28* Varlatioay with are cur antf of th« * Anode spot appftfist
•lurront A^^nftitjT* at aalaetod taliM* of anodo opiii^
JUmlxraai anod««
Figaro 29. 7arlatloB« with are ourront of tho * AaoAo tpot of^oront
OBiTwit doAotlof* at oolootod Yaliioa of anodo opoad* Coppor
fifuro 30, Variation^ olth anodo fpood, of tho * lAodo spot appcupont
Ottrrani ddaoitj* at oold#tod toIiioo of aro ourront*
aXoBiniai oaodo.
Fiforo 31* Variation^ with anodo fpood^ of tftio ' Aaodo spot appaxvat
ourr^t doaoi^* at ooloet^d voltioo of ore eiurtBt*
Coppor oaodo*
Flfurt 32* Tarlatloap with aro ourront* of *Total aaodo ourfaoo aroo
moltod por ooooai* «t oolootod valuoo of oaodo opood.
Flfuro 33* Variation, vith are earr^nty of ' Total oaode eurfaeo aroo
oltod por aooond* at oolooted ^^uoo of anodo opood.
Ooppor oaodo.
Flforo 2i« Variation* vith anoda apo^* of 'Total anodo surfaeo aroo
oltod por oooond' at oolootod ^mlsoo of ore ourrosi*
AlnBi» anodo*
flforo 35* Variation, oith oaodo opood* of * Total onodo ourfiaoo aroo
Bolted p%r JoooaJ' at aolootod vnliioo of ore oonroftt*
Coppor anode*
Fifuro 36* Varlatioiit with aro ourront* of 'Total anMo ovrfaoe oroo
aoltod por aaporo nor oooond* at oolootod voluoo of onodo
opood* AloBlaMi anode*
Fifuro 37* Variation* with are ourront* of 'Total onodo aurfaeo area
oltod por aaporo por oooond' at oolootod valuee of anodo
opoed* Coppor anodo*














^0 to 300 16 •OBO
0«PP«^ 1,000 to
3,000
60 to 300 13 —
1,000 to
6,000
60 to 300 15 "—
a«iMii
(•Ima)
1,000 60 to 200 5 Appxoxlmtol/ 25
cupojTo atopa.
AliMlrai a,ooo 60 to 200 5* MBO
a,000 80 to aoo 5* MBO
AlwiMB
(•1MB)














5,000 200 to 3X0 6* Approximt«|7 20
AlniflHa
(oImb)








(),000 300 to 340 4 T«o at %Mh maA*
Copp«r 6,000 300 to 320 i tm at ••oh ««.
i^p«rMrlpt U • ladi««t«« ono m mmttmw%o4 with vnoloonor) ourfaoo*







fUm 9t ibm wiod^ ^Aml aad th« osllioi*










Ohanotalstio sikk)* spot IbraaA en. a»
fsiOfttw 1 ineh to 0^5 BiUlettmi

Flgim 5*
HWNMtsristle ta»d« wp9t OB •Imlmfli
8««lM* 1 inoh it 0*35 aUliMten
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Chaz«iot«ri»tlo aaod* spot £bzm«l on oopp«r tap**
• 3«165 n«Aia*» Mnmit 140 wp««
Scale T- I lUcU V-o O ,%^ >t«illi »»i^c4«r&.
,.
10
flhuraet«fi«l»« tmd« tfvt Ibxscd on OBppvr tcp*.
«• 3^165 ft«/8in«t curreett J30 «qp«*






9p9% t^wamd oa *dlr^
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S3d3dNV- iN3y ynO ONIHSinONIlXB

u13.
l«v of ^srP^jml %r%m of asiod* mat's ca aopp«r
ttf9 fbr lAw ^mlu<8 of «D0do tpood*
itnodo opooiS 1«165 ft«Af»«y Mcnrtnt 140 «i^«
gtoXat 1 fne!r"to"^;<y^TOlsttttrfl
(Sotoi«i:Uvt«Hi iao4lo tMA«» aro olsilor Jfbr
til fOl^lM of OIWlO Ipttd^)

Ficium 14*
lUm 9f 1grplfl«I tniM of aapdi ^pote en appp«r
tap« itefttaf iLi|(ht fnrlteiow of *iultiFl«* qpots*
AMkkti (<>—di* 5»000 ft«Aia«» onrvtot 200 iBjps*




Tltnr of typleal tr«o« of Modo opoto on Odj^or
KflBttU ovtawiii of •Kltipilo* apoto*
It* t^OOO ft«/ila«9 oiUTWit 320 ippoTM*
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Anode pheno;nena of direct
current arcs between moving
electrodes.

